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BOOK I 


The Palace of L 




I 


An Old Story 

T h I s is the story of Rama, a prince of India, who lived 
his life according to the best advice. He reverenced 
his intellectual betters, who were called Brahmins, and 
did what they told him to do. He took his morals from the 
best moralist, and his politics from the most experienced 
politicians. As a result he was ruined, exiled, and disin- 
herited: his wife was stolen from him and when he got her 
back he very nearly had to burn her alive from the highest 
of motives. In the teeth of the soundest and most reliable 
guidance from his moral and mental superiors, he finally 
recovered his country, his throne and his conunonsense. He 
lived more than two thousand five hundred years ago but 
everybody will recognise his experiences. 

Twenty-five centuries is a long time ago, but the Indians 
were in many ways as civilised as we are today. There were 
great cities with immense bazaars in which the shopkeeper 
cheated his customers and was in turn cheated by the mer- 
chants. The merchants were robbed by a vast civil service, 
and the civil servants kissed the big toes of the politicians, 
who were known as courtiers. The courtiers were Brahmins, 
and the Brahmins were the top dogs. They made the laws, 
taught the ignorant, dictated morals, controlled the temples 
and terrified the King. In those far-off days they had not 
yet become a rigid and hereditary caste. Any man could 
become a Brahmin provided he set himself up to know better 
than his fellow-men, and was sharp enough to get away with 
it. But a Brahmin was usually the son of a Brahmin, because 
the tricks of the trade took a long time to learn, and a man 
could not start too early. 

Besides the Brahmins, there were men of genius. These 
were usually thought brainy but a danger to society and 
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they were customarily driven to live in the wilderness, 
another sign that this ancient civilisation was not much 
below our own. One such man of genius, was Valmiki who 
wrote the story that I am going to re-tell. 

It is said that the tale of Rama’s adventures is the first 
story ever put together. I do not know that this is true: but 
it is certain that Valmiki was the first human being to be 
recognised as a literary genius. He was therefore penniless 
and much disliked. He lived in a thatched hut and had to 
grow his own food. He could move among his fellow-men 
only if he were heavily disguised, and then at the risk of his 
life. He was an outlaw. 

The Brahmins said (and their views have survived down 
to our own times) that he was a brigand in his youth, and in 
his maturity he became an assassin. This may mean that 
when he was young he stole other people’s property and, 
when he was older, killed someone. On the other hand it 
may mean that his verses scanned better than anything the 
Brahmins could write themselves. We have no sure means 
of knowing which interpretation is the true one, but it should 
be noted that some of Valmiki’s poetry is extremely good. 

The Brahmins said that the man he killed was one of their 
fraternity. The killing of a Brahmin was the most heinous 
crime that the Brahmins could think of: but subsequently, 
millions of Indians who are not Brahmins have not taken 
too gloomy a view of it. His crime, if he did commit a 
crime, has not diminished his fame and has added, for some, 
to his personal charm. He has obstinately remained the 
greatest of Indian authors. Unfortunately, generations of 
Brahmins have re-written his poem so that in parts it says 
the opposite of what Valmiki plainly intended. While 
restoring his tale I shall not attempt to revive his language: 
I shall aim at reviving his attitude of mind. 

This will mean rejecting whole sections of the work that 
the Brahmins have written into it, and inventing much that 
they destroyed: a drastic course, but then I am not, myself, 
a Brahmin. 
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II 


The Old Story, made New, Begins 

T he traveller to Ayoda, having crossed a pass between 
flat-topped hills and descended to the plains, came 
first upon a road lined with tombs. These were 
rounded structures, like the top half of an egg, with carved 
bands telling stories of the gods. They were surrounded by 
a thick railing, sometimes of wood, sometimes of stone, but 
always rich with sculpture. Under the egg was a small 
chamber and in this, resting on a shelf, an urn holding the 
dead man’s ashes. This avenue might well have been a 
gloomy approach had there been any sign of mourning on 
the tombs. There was, however, none. They gave, as they 
were intended to give, the impression that the dead man 
had been comfortable and respected here on earth and was 
confident of being treated in the same manner beyond. 

The gate of the city lay at the end of this avenue. It was 
a low affair with two towers. It had heavy teak doors, folded 
back during the day, and closed during the night. A few 
minutes before it closed a great thumping and roaring would 
break out from a small chamber immediately above the arch. 
This was the ceremonial drum, an affair of ox-hide some 
eight feet across and beaten by four men with heavy drum- 
sticks. On the nearby battlements other men would blow 
into the pointed end of large conch shells, that made a 
mournful sound, half-animal in quality, but of a power to 
carry across the whole city, a matter, perhaps, of a mile. 

The road underneath the gateway was the only paved 
road in Ayoda, which it bisected. It was marked on either 
side by two deep grooves made by carts and chariots. Once 
a cart entered the gateway and its wheels fell into those 
grooves it was compelled to follow them. There was no way 
of getting out of the ruts made by its predecessors. The 
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inhabitants made no objection to this because it was the 
principle on which they ran their own lives. 

The single street was lined with the houses of the rich: 
behind them in a tangle of mud alleys were the huts of the 
poor. The houses of the rich had plain walls facing the 
street with a stone symbol to indicate the owner placed near 
a tall doorway. When the doors stood open the traveller 
could see into a courtyard, open to the sky and surrounded 
by a colonnade. In the middle of this courtyard stood a stone 
altar. Here the head of the house made his sacrifices to the 
gods. Since respectability required that he do this at least 
six times a day, the traveller would stand an excellent chance 
of seeing him at his devotions. 

He would usually be a man of good stature, pale brown 
or even ivory in the colour of his skin, a great deal of which 
would be visible since his only garment during these 
religious moments was a loin-cloth of fine material reaching 
below the knees. He would be surrounded by his family, the 
women swathed in coloured saris, which they held togetlier 
over their faces and looked through a fold. 

Other sacrifices would be constantly in progress at the 
main temple of the town, a large structure which lay in a 
piazza midway along the street. It was a pyramid of stone, 
all carved, and entered by a doorway writhing with alle- 
gorical figures. The piazza in front of it would be filled with 
people at most hours of the day and during the first part of 
the night. One type of person was immediately distinguish- 
able from the rest. These people were much darker in com- 
plexion than the others and appeared to avoid any direct 
contact with their paler co-citizens. These black men were 
princes, sons of the blood royal, dukes, landowners and 
knights. They owned the land on which Ayoda stood, but 
they had had the misfortune of having it taken away from 
them by armed robbers in the past, the robbers being the 
ancestors of the more fair, and Aryan, inhabitants. The early 
Aryans, since they knew that the black men were the true 
owners of the soil, were forced by the nature of the case to 
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decree that the black men were particularly disliked by God, 
who specifically wished them to lead unattractive lives. The 
Aryans, thus fortified, gave the black men, among other 
similar duties, the sole right to clean out the city’s latrines. 
This made the black men as important in the life of society 
as they had been when they were landowners, but they were 
less well rewarded. 

The next class above these were the merchants whose 
shops and warehouses made busy the long stretch of the 
road that led from the main square to the gates of the palace. 
In the palace lived the King (who was a noble descendant of 
the original conquerors) and his government, which was 
made up of Brahmins who were the highest caste of all. At 
the time of this story the King was called Dasa-ratha. 

King Dasa-ratha, Rama’s father, was loved by all his sub- 
jects and he loved certain of them in return, especially if they 
were women. His one wish for his people was that they 
should, every one of them, enjoy all the good things of life, 
and he sincerely hoped that they would find some way of 
doing it. Meantime, he set them an example by enjoying the 
good things of life himself. 

One of these good things was his vast palace, in which the 
King pursued happiness with the same ardour as some men 
pursue moral perfection, making himself equally miserable 
in the process. The palace occupied a quarter of the whole 
area of the city, of which only a fraction was devoted to the 
King’s debaucheries. The rest was composed of great court- 
yards, surrounded by porticoes and columns, each court- 
yard having at one end a large hall, the roofs of which were 
held up by pillars carved in the shape of a lotus, or a rearing 
horse, or four elephant heads or warriors back to back. 
These halls were named according to their intended function. 

The most splendid of these courts was the Hall of 
Audiences. Here the King received his subjects. The 
humblest inhabitant had the right of access to his monarch, 
provided, out of respect for his King, he covered himself 
with the official robe of audience, which was edged with 
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gold braid and could be purchased from the Master of the 
Robes at a price fitting to the dignity of the occasion. The 
fortunate person then approached his lord by edging himself 
forward with his elbows, flat on his belly. 

One of the reasons for King Dasa-ratha’s immense popu- 
larity with all classes was that, while holding audience one 
day early in his reign, he observed that some of the more 
elderly of his subjects were caused pain by the unevenness 
of the floor in front of his footstool. He had immediately 
given orders that it be re-laid with the smoothest marble. 

A leather merchant who remarked in public that it would 
have been simpler for the King to have ordered that his 
subjects approach him on two feet, like men, instead of on 
their bellies like snakes was given the mild punishment of 
being beaten with one of his own straps in front of his 
jeering neighbours. 

He had not received more than five hundred strokes 
before he admitted in a loud voice, that crawling on one’s 
belly was a highly suitable posture for a citizen when faced 
with the power of the State in person, upon which (by a 
kindly forethought of the King himself) he was released. 

The next most splendid hall was the Hall of Justice. The 
system of justice in Ayoda was the wonder of the Indian 
world. Every man was equal before the law. If a dispute 
arose between a rich man and a poor one, and if the latter 
were too poor to hire a lawyer, the Court would appoint 
him one from out of the waiting Brahmins (all lawyers were 
members of this distinguished caste) who was not allowed 
to accept money, and who must forthwith plead his penni- 
less client’s cause. This he would do to the utmost of his 
ability; much depended for him on the way he conducted 
the case. Many of the most wealthy advocates had won their 
spurs in such poor man’s cases, since it was not easy to 
plead a case at an instant’s notice and make a showing 
against a lawyer who had been studying his richer client’s 
case perhaps for months. 

Not only was every man thus given an equal chance 
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before the judges, the judges themselves were impartial. 
They were always appointed from amongst the most suc- 
cessful and experienced pleaders, it being an established 
principle that the man most likely to arrive at the truth in a 
legal matter was the man who had spent the greater part of 
his life doing his best to conceal it. However strange this 
rule may appear at first sight, it should be noted that no 
better has yet been discovered. 

Nor is this surprising for the major discoveries in the 
method of governing mankind had been hit upon very early, 
for without them men could not be governed at all. Thus 
the next hall was called the Hall of the Exchequer, and 
although the accounts were kept in a primitive manner by 
notching sticks and flicking the beads of an abacus, the 
method underlying the collection and the assessment of 
taxes was as sound as any used since and in principle much 
the same. The Controller of the Exchequer taxed the people 
as much as he thought they would bear without violent 
protest: and when he was wrong the King declared a 
necessary war. These wars were called necessary both 
because they were useful in defending the frontiers and 
because they made it possible to levy double taxes. Occa- 
sionally the King did not have to declare a necessary war. 
A neighbouring kingdom did it for him. When the armies 
of the enemy approached the frontiers it was usually found 
that the Royal Armoury (a part of the palace that we shall 
not trouble to describe) had far too few bows for the archers, 
and a perplexing deficiency of arrows; the pikes were rusty 
and half of the spears were stolen; and not one quarter of 
the chariots of war would be found fit to take the road. 
Only the elephants would be found to be in fighting condi- 
tion since these were taken out twice a year in public on the 
occasion of religious processions. Neither the King nor his 
Controller troubled to excuse these deficiencies. But when 
the public dismay was at its height, they would execute a 
General. This always restored public confidence, though 
how, and in what, it would be difficult to say. 
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Behind the Exchequer were the women’s quarters, and 
here, owing to the proclivities of the King, was the real 
centre of government. 

If the morals of the Exchequer are familiar, the morals of 
the Bedchamber are not. By law and by divine sanction the 
King was allowed as many wives as he could keep: that is 
to say, as many as the public would pay for, and the public 
was very indulgent. 

This was because the priests explained that the custom 
made sure of the succession to the throne, and the unthinking 
members of the public accepted this explanation as satis- 
factory. The citizens who looked more deeply into the 
matter saw clearly enough that it did nothing of the sort: 
since the King produced a great number of sons, the succes- 
sion was very much a lottery, and often a bloody one. But 
even those thoughtful people approved of a plurality of 
queens, because it gave the King something to divert his 
mind from ruling his subjects: and if subjects are ever to 
live a quiet life, this is an essential facet of political 
organisation. 

The King, like all men of wealth and leisure, also kept 
concubines, and King Dasa-ratha kept them in profusion. 
But here again the system of having more than one official 
wife had its advantages, for the wives kept the concubines 
in their place, which nobody else could do. It is notoriously 
beyond the capacity of one single wife, acting alone and in 
embarrassing circumstances. But several wives shared both 
the shame and the vigilance, and succeeded. 

To judge from the bustling life of the overcrowded 
harem, Dasa-ratha might be thought to have been an 
attractive and passionate man. He was, in fact, neither. He 
was a round man with short legs and short arms, wMi a 
forehead, nose and chin that together followed the curving 
contours of half a melon. As for his passion, he was fre- 
quently in bed, but finicky, and in seeking to prove himself 
a stalwart male, showed himself to be something of an old 
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woman. He planned his debauches beforehand in great 
detail and if ecstacy is to be achieved, like genius, by taking 
pains, his life would have been blissful though possibly 
short. The atmosphere he produced, however, was less that 
of romance than of a pernickety review of a regiment con- 
sisting of one imperfectly trained recruit. But he thought 
himself a great voluptuary, and that was a matter in which 
his own opinion was the only one that counted. 

His eldest son Rama was in his twenty-fourth year when 
he gave the King a parrot. He did this because he was warm- 
hearted, generous, and a loving son. 

But he was many other things which it is not wise to be 
•at Court. He was handsome and the King was not; he was 
fonder of the hunt than the women’s quarters, while the 
King hunted for the same reason as he ate gold leaf, namely 
because his anxious physicians told him it was an aphro- 
disiac. Rama’s conversation was sober and manly; the King 
was a gossip. Rama’s wife, Sita, was devoted to him; the 
King was devoted to his wives, a very different thing. 

Rama was therefore by no means the King’s favourite son 
but the King was touched when he gave him the parrot. 
He had a cage of silver wire made and had it set with semi- 
precious stones. He would point it out to his courtiers 
saying: “That is the first thing I have been given for twenty 
years without the giver expecting anything in return.” The 
third time that he said this, the Lord Chamberlain thought 
of a reply. 

“Majesty, what should he expect from you.^” he said. 
“When you die everything you have will be his. God grant 
that he has to wait a hundred years.” 

From that moment the King was satisfied that Rama 
plotted his death. The Lord Chamberlain was granted the 
revenues of three temples for his vigilance in warning the 
King of a conspiracy which he had invented in a moment 
of spleen. From the moment of his being rewarded with the 
revenues of the temples, he ceased to be a courtier and 
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became a statesman. That is to say, he invented, and sup- 
pressed three more conspiracies in the next two years and 
was regarded as the saviour of the State. 

One day Rama's parrot bit the King's finger. 

Dasa-ratha conceived the idea that the parrot’s beak had 
been poisoned. He consulted his Lord Chamberlain who 
answered that it was quite possible to poison the beak of a 
bird and that three hundred years ago a certain King of the 
Western Marches had been assassinated (it was said) by this 
very means. The King’s suspicions were thus confirmed and 
he ordered his personal servant to wring the bird’s neck and 
leave the body on Rama’s couch. 

But the servant despised the King, and being privy to all 
his excesses, was sure that he would soon die. He had no 
wish, therefore, to embroil himself with the King’s successor. 
He lied to the King, told him that the bird was dead and 
placed on Rama’s couch, but in fact he had given it away 
to a young woman of the court. The parrot bit the young 
woman of the court, who in turn gave it to a concubine, who 
kept it, for she was the one person that the bird did not bite. 
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The Ups and Downs of a Concubine 

T he concubine almost immediately fell out of favour 
with the King (for talking after the lights were out, 
a thing he could not abide) and she was relegated, 
both she and her parrot, to the back-quarters. Her maiden 
beauty ripened with the years at much the same pace as the 
King’s taste. Three years after her fall she caught the King’s 
eye as he was touring the palace with his master-mason and 
she was restored to favour. A sentimental woman, she 
wished to leave the King a memento of her second honey- 
moon with him, and she gave him the parrot. 

Her second fall was dizzier and deeper than her first. The 
King recognised the parrot and its cage, and the concubine 
was thrown into prison. At his next meal the King sum- 
moned Rama, and when the dishes had been taken away, he 
sent for the parrot and had its cage placed in front of the low 
stool on which Rama sat. 

He then asked Rama to give it a piece of sweetmeat. Rama 
obeyed. The bird snatched the food, but did not bite the 
King’s son. This ruse having failed, the King sought 
another, for he was now obsessed with the need of testing 
whether the parrot’s beak was envenomed or not. The 
Lord Chamberlain, reading his mind, cast his thoughts 
round the palace for a person who was sufficiently obscure 
for the test. His powerful mind had already seen that the 
stability of his personal government and hence the future 
of the State depended on his seeing to it that the test 
succeeded. 

“The bird. Majesty,’’ said the Lord Chamberlain, “re- 
minds me of an old nurse who looked after your second 
wife’s son, the Prince Barat. What was her name.^’’ he went 
on, meditatively. “Ma, Me, Mi, Man, Mun.” 
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“Mantara!*’ said the King, with delight, immediately 
seeing the resemblance. 

“Your Majesty’s memory is astonishing,” said the Lord 
Chamberlain, without flattery, for the Lord Chamberlain 
never ceased to marvel at the way the King’s mind retained 
the smallest detail connected with the women’s quarters, 
while unable to hold anything else. The Lord Chamberlain 
thanked the gods for the King’s memory daily since it en- 
abled him to govern the Kingdom without interference. 
“Why not send the bird to her.^” 

“Send the bird to her?” said the King. “Why? Oh yes. 
Yes. I see. A splendid idea. A splendid idea. Send it to the 
nurse Mantara with my compliments and say it will save her 
the need for a mirror.” 

The courtiers who were dining with the King chuckled 
at the royal jest. The courtiers who were standing behind 
the dining courtiers laughed loudly to draw attention to 
themselves; the courtiers who were watching the scene of 
the banquet from the end of the room roared with mirth till 
they cried although they had not heard the joke; and the 
courtiers who had not been invited into the banquet hall at 
all but were listening under the windows slapped their 
thighs, wiped their eyes, choked and gasped for breath, 
asking one another if they had ever known the King to be in 
such a jolly mood. 

The bird was taken away by the Lord Chamberlain, its 
beak instantly anointed with poison, and it was despatched 
to Mantara. The King’s physician was warned to be in 
readiness, the Chamberlain’s assistants were told not to leave 
the palace, and the Chamberlain’s supporters among the rest 
of the Brahmins were warned that something was brewing. 
The Chamberlain permitted himself a small brass jar of 
fermented palm-tree juice, and relaxed until it was time to 
save the nation. 

This Mantara was an ugly woman of some fifty years. Since 
Dasa-ratha in his search for delight produced a great number 
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of children, the women’s quarters swarmed with nurses. 
They were important to their charges while the children 
were still young, but to nobody else. They were engaged by 
the High Steward, who selected them rigidly according to 
the size of the bribe that he was offered. When Dasa-ratha’s 
second wife produced a boy called Barat, this nurse was 
appointed to look after him. This she did well enough, but 
not in a way to attract any attention. 

Barat grew up, and Mantara grew ugly. She was pen- 
sioned off with a room and something to eat daily from the 
scraps of the royal banquet. Her room was one of the very 
few that were higher than the single storey of the main 
palace, and was in fact, no more than the hollow inside of 
a carved, pyramidical turret that had been added as an 
architectural fancy. Mantara was so forgotten that no-one 
in the Palace knew for certain where she lived, except the 
kitchen-hand who brought her food. 

One day, with her food, the man brought her a bird in 
a cage. The bird was a very old parrot with tattered plumage 
and a bad temper. It rattled savagely at the bars of its cage 
with a scarred and peeling beak as the servitor, planting the 
cage down beside the dish of food, told Mantara the aston- 
ishing news that the bird was a present from the King. 

“The King himself.^” asked Mantara, getting up from 
where she was squatting on the floor. 

“Yes,” said the serving man. “They say he’s drunk now 
but I don’t think he was drunk when he sent this. I kep’ it 
by me while I did the sweetmeats. Nobody else could bring 
it ’cause nobody knev/ who you were.” 

“Except the King,” said the ugly woman sharply. “Ex- 
cept the King: was there any message.^” 

“Not that I know of.” 

“There must have been a message!” 

“There wasn’t.” 

The nurse stamped her foot and screamed. 

“You’v^e forgotten it, you idle fool. Go and find out what 
it is! Go at once, you greasy good-for-nothing.” 
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Saying this she aimed a box at his ears which he only 
avoided in part. 

He turned on his heel and stamping down the narrow 
stairs that led to the turret he swore loudly by the more 
obscene of the popular gods that he would never set foot in 
the nurse’s room again. 

The poison was excellent. It would have killed Mantara 
with terrible agony within an hour, had the parrot bitten 
her. It killed, however, the bird instead. When this news 
was brought to the Lord Chamberlain he hesitated^ftr a 
while between dismissing the whole matter, or anndlliting 
with suitable alarums that a parrot which had been given the 
King had been found dead with poison on its beak. There 
were two things against the latter course. The first was that 
everybody would suspect that he had put the poison on the 
bird’s beak: whereas with a dead old woman being carried 
out of her room feet first and horribly swollen, nobody 
would have thought him capable of such a monstrosity; 
secondly, it was the plain truth, even if not all of it, and 
although he was prepared to admit that telling the truth was 
not always harmful, he had never, in twenty years of politics, 
seen much good come of it. 

So he did nothing. He told the King that there was no 
evidence of a conspiracy at the moment, and to the people 
he issued a proclamation declaring a public holiday in cele- 
bration of the King’s continued safety. He had made an 
irretrievable blunder. He annoyed the King; while the people 
were convinced that he was fobbing them off. The adherents 
to his party whom he had warned that something was about 
to happen began to talk openly of his losing his grip. When 
he contracted a cold in the nose, it was rumoured that 
he suffered from a malignant disease in a disgraceful part. 
The Lord Chamberlain was too good a politician eiitier to 
miss these signs or to discount them. 

He cast about to find means of preserving his reputation 
for being the man the country turned to in a crisis, but the 
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stars in their courses fought against him. There was a 
bumper crop, there were no disastrous droughts, nobody 
(it seemed to him) had either the brains or the courage even 
to think of sedition: and to crown matters, the rainy season 
was approaching and he could not start a war. 

In this last matter, however, he did his best. He sent an 
insulting embassy to a touchy neighbour state, but it did 
him no good whatever. The Lord Chamberlain of the in- 
sulted State, himself a Brahmin and a statesman, privately 
asked the ambassadors if their master did not know that 
elejftyuts, when in mud, invariably got stuck and that this 
broi!l|(lft derision on even the most Necessary War, When 
this remark was hesitatingly conveyed to him by his abashed 
envoys, he began to consider whether for the sake of his 
place in history, he would not have to poison the King 
himself. 

Thus oppressed by contrary events, he decided to ques- 
tion the concubine. In a cooler moment he would have seen 
that this course might well lead to further embarrassments, 
and since the concubine could not possibly know anything, 
he would not have had her tortured in order to think of lies 
which he could better concoct himself. He was not a cruel 
man. He was, however, in a hurry. 

The concubine was therefore taken to another room in 
the jail and jerked up and down on a rope which hung from 
the ceiling. The rope was fastened to her wrists and these 
in turn were disposed behind her back, in a position best 
calculated to stimulate her thoughts on constitutional prob- 
lems. She was spitting blood before she was told what her 
torturers were aiming to find out. They then let her down 
and giving her a drink of water, asked her: 

“Did you conspire to kill the King.^” 

She should, according to previous experiences, have 
muttered incomprehensibly in answer to this, from which 
mutterings, with the renewed aid of the rope, a connected 
answer could have been built up. 

But the concubine was neitlier a frightened chit of a girl 
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nor a weak old woman. She was in the prime of a none too 
easy life. Twice she had emerged from obscurity into the 
light and warmth of success, both occasions being those in 
which she had received the favours of the King. She clung 
to these triumphs with the determination of a woman who 
knows she cannot have many more such in front of her. 
She massaged her arms, brushed her hair from out of her 
eyes and asked that the question be repeated. 

They said: 

“Did you conspire to kill the King?*’ 

She answered, in unblushing vernacular: 

“I slept with His Majesty six days ago. I don’t know any- 
thing about killing the King. All I know is that I thought 
he would kill me.” 

The answer was all round the Palace in an hour. The 
Brahmins who had the hereditary honour of waiting outside 
the King’s privy shouted it through the door. The King was 
delighted. He denied having heard the remark twenty times 
in the course of the morning in order to have the pleasure 
of hearing this simple but impressive evidence of his prowess 
repeated again and again. Shortly before going into his 
midday meal he swore that he would give the concubine the 
privileges and apartments due to a royal wife. By the time 
he had finished eating, the forthright woman had been 
washed, scented, given a cordial and handsomely robed, 
and her two torturers had kissed her toenails and begged 
to be recommended to the King for their devotion to 
duty. 

The Lord Chamberlain met the King for the first time 
that day as the King retired for his siesta. He read his fate 
in the King’s eyes. By the time that the King and the royal 
guard were well set in their afternoon sleep, the Lord 
Chamberlain was on his way to the frontier. By night-time 
he was across it and in a matter of hours was being received 
with every mark of distinction by the other Lord Chamber- 
lain who had been so disturbed by his apparent lack of 
knowledge of warfare and elephants. He told his story to 
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sympathetic ears since he had brought a camel loaded with 
a portion of the year’s recently collected taxes. 

In a short lime he was presented to a courteous monarch 
and a wildly cheering populace as the man, who, at the risk 
of his life and the cost of his career, had dissuaded the King 
of Ayoda from following up his notorious ultimatum by 
bloody and aggressive war. Henceforth he was popularly 
known as the Peacemaker and plays no further part in our 
story. 

The concubine accepted her honours with grace and 
dignity. She recommended the torturers to the King, and 
thereby made friends of the two best-informed men in the 
palat e. This rendered her position impregnable, and she 
died, years later, much respected. 
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A Procession is Postponed 

T he dead parrot, merely as a decomposing bird, was 
fit to feed a few maggots and enrich a few inches of 
soil. By the alchemy of human folly it was enabled to 
ruin a career, change the government of the country, and 
elevate an old woman to fortune and power. The old woman 
was the nurse Mantara. She achieved her position not be- 
cause she was clever, industrious, talented or gifted but 
because she was half mad. The recipes for worldly success 
are greatly varied. 

Mantara had the dead bird stuffed. She put it back in its 
silver cage and waited. She waited with great confidence, 
even though she was driven to fetch her own food, the 
servitor refusing to wait upon her any more. Then she was 
utterly alone but she was sure it would not be for long. She 
was convinced that the King had sent her the parrot as 
a sign of some special favour that was to come her way. 

Nothing at all happened. She dusted the bird, and raised 
her hopes. 

Now it was customary for the Kings of Ayoda to hold 
a festival on their fiftieth birthday, should they attain it, in 
which they proceeded in state down the principal road of 
the city, seated in an elephant howdah with their eldest son 
beside them. The Kings were traditionally required to make 
this journey leaning their right hands symbolically on their 
son’s shoulder. This served to declare that the succession 
was secure. It was also the tradition that on this day, and tor 
some days previously, every building in the city should be 
decorated with flags. Some months after the flight of the 
Lord Chamberlain the King achieved his fiftieth year, the 
loyal populace hqn^out its flags, but the King swore diat 
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he would see the royal elephant trample Rama to death 
before he would ride by his son’s side and declare him heir. 

The Brahmins closest to the King shook their heads. The 
tradition was a deep one, they said. If the King broke it, the 
people would take it as a sign that good luck would desert 
them and the crops would fail. The King replied that this 
was superstition, at which one Brahmin arose and said that 
he agreed with the King and that the best way to fight 
superstition was by scientific thinking. Most of the younger 
Brahmins and, of course, the King, greeted this argument 
with approval. The Brahmin then went on to suggest to his 
Majesty that the royal astrologer be asked to make the most 
stringent observations of the stars to see if, by chance, it 
should be written there that the procession should be aban- 
doned owing to the unfavourable conjunction of (for 
example) Venus and Saturn. The King was pleased, the 
other Brahmins were impressed, and the man with the idea 
was elevated to the vacant post of Lord Chamberlain. 

The Royal Observatory was a wide platform at the top 
of a flight of steps from each of w'hich calculated observa- 
tions could be taken with the cross-staff. At the top, on the 
platform, were stone quadrants with spy-holes in which 
stars appeared at certain fixed times. With the aid of these 
the Royal Astrologer had been able to predict eclipses of the 
sun for the next fifty years. These and other predictions 
were considered as being of vital importance to the State, 
especially in time of v/ar, when a true knowledge of the 
movement of the heavens was a great advantage over the 
enemy. The royal astrologer enjoyed the protection of the 
King. He had full freedom to pursue his researches: but 
since they were so important it was decreed, as a precaution, 
that if he should tell them to any person other than the King 
or his appointed minister, or even if there were grounds to 
suspect him of telling, then he should have his tongue tom 
out by the roots. While the royal astrologer could predict 
what would happen to the sun in the next half-century, he 
was quite unable to predict, herefore, what would happen 
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to himself in the next half-hour. He was an obliging, but 
apprehensive man. 

Nervously mounting the steps of the Royal Observatory 
that night to make the crucial observation required by the 
King, he saw that he was being followed by two men. He 
turned to ask who they were, and they said that they had 
been sent by the King to help the astrologer make his 
observations. They also said that the King hoped very much 
that the stars would be found to advise against a procession, 
but that he did not want to interfere with the learned man’s 
methods. The astrologer bowed, the two men bowed, and 
then threw back their hoods. By the light of the lamp which 
he carried, the astrologer could see that they were the King’s 
torturers. 

“Shall we go on up.^’’ said one of the torturers. 

“Gentlemen,” said the astrologer, “I think we can all 
save our breath. We may dispense with the climb. The stars, 
like everybody else, are only too anxious to please His 
Majesty.” 

“Our orders,” said the other torturer, “were to help you. 
His Majesty was very pertickler that you should do all the 
squinting that you wanted. No violence, no interference, 
was his very words. We was to ’elp.” 

“Gentleman,” said the astrologer again, trembling from 
head to foot, “I know my job and I am well aware that you 
know yours. If I start my squinting, as you so accurately 
call it, I shall only confuse myself. The stars, I feel tolerably 
certain are very adverse to the holding of a procession, since 
the relevant planets were in a most unfavourable con- 
junction the last time I observed them.” 

“You hear that^” said the first torturer to the second. 

“I do,” said the second. 

“You know what he means!” asked the first. 

“I don’t,” said the second. 

“My friend don’t know what you mean,” said the first 
torturer. “Would you tell hina.^” he asked the astrologer, 
politely. 
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“I mean the procession's ofF," said the astrologer, his 
teeth chattering. 

“There you are,” said the first torturer. “It's all settled.” 

“I shall,” said the astrologer, gathering a little courage to 
uphold his professional dignity, “have to make a few calcu- 
lations and checks. I can give the King a positive answer 
tomorrow or the next . . .” 

“Our orders . . .” began the second torturer, but his 
companion interrupted him. 

“Look at it this way,” he said, “if we had this learned 
gentleman here tied up with weights on his feet, and you did 
you know what, and I turned the little so-and-so, and he said 
‘The ])rocession’s off,’ would we let him down.^” 

He had accompanied the supposed prisoner’s words with 
a scream of agony that was most realistic. It echoed round 
rhe stone observatory and inside the astrologer’s head. 

“Well,” said the second, “yes, we would.” 

“Then there you are,” said the first. “We’ve done our 
duty.’' 

“Yes,” said the second, “but we haven’t tied him up 
yet. 

“And 1 say,” said the first, “that’s all to the good. We 
don’i like hurling people. We take a pride in it, yes. But we 
don’t like doing it. It’s just that we are ready to serve our 
country, same as soldiers. Do you see.^” 

“Yes,” said the other. “I always do when you explain 
things. 1 sometimes wonder why you don’t go in for 
politics.” 

“I do,” said the first, and both laughed so heartily at this 
jest that the astrologer had to sit down on one of the 
observation steps, his knees having turned to water. 

When he recovered his breath he explained that he had 
just done all the necessary' calculations in his head. 

“What a brain!” said the second torturer, admiringly. 

“What talent!” said the first. “His Majesty would like to 
hear of this straight away I’ll be bound. He’s waiting for the 
verdict in the Royal Wardrobe.” 
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Next morning the great State drums in the chamber over the 
gateway roared a summons to the people. A few minutes 
later the iron-studded doors were hauled open and a caval- 
cade ablaze with the royal colours of orange and white came 
out, their horses prancing, and rode at a dashing pace to the 
central square. 

They took up a position in line facing the crowd with 
their backs to the carved stone pyramid of the principal 
temple and a young man in a sash of gold embroidered with 
rubies and moonstones held up his hand. The horsemen at 
the two ends of the line swung the mouthpieces of their 
trumpets to their lips and blew. The stems of the trumpets 
curved round their bodies and rose over their heads. From 
their bronze mouths embossed with hemispheres, one 
lacquered orange and the next white, came an inspiriting 
roar of sound. 

The young man said loudly: 

“In the name of the King!’’ 

The trumpeters blew another blast and all the horsemen 
lifted their lances from which hung oblong pennants of the 
holy colour of saffron. 

The men in the crowd bowed their heads and touched 
their foreheads. The women drew their saris more closely 
over their faces, and peeied through the folds at the young 
man. 

The principal horseman moved his horse with infinite 
grace of carriage until he stood in front of the others. He 
then made his proclamation, saying it first in the stilted 
Sanskrit that only the Brahmins used and only the Brahmins 
could properly understand, following this by an explanation 
in the vernacular which he delivered with great vigour. He 
showed the whites of his eyes as he rolled his glance over 
the crowd and he was greatly admired by everybody. 

He announced that owing to the findings of the great 
astrologer (and here followed a long reminder of the great 
astrologer’s previous scientific triumphs including the pre- 
diction of eclipses) the King would have to forego the 
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pleasure and honour of receiving the felicitations of his 
loyal subjects on the occasion of his fiftieth birthday, and 
also to forego the privilege of presenting them with their 
future ruler (and here the expected name of Rama was 
omitted). The King, said the proclamation, had been warned 
by the astrologer that the direst consequences to his beloved 
people might follow were he to flout the message of the 
heavens. Since the well-being of his subjects, whom he 
looked upon as a father looks upon his children, was always 
first in the King’s mind and always nearest his heart, 
there would be no procession. They could take down the 
decorations. 

The horsem;n backed his horse with consummate skill 
into the rank behind him, the trumpets bellowed again, and 
then broke' into the Royal Anthem, a simple melody (the 
trumpets liad only seven notes) but very stirring. With 
pennants waving and many dashing looks to the left and 
right, which the women in the crowd received as especial 
tributes to their figures, tlie cavalcade rode back to the 
palace; the drums over the main gate throbbed again, the 
horsemen clattered inside, and the gates were closed. 

In the main square in front of the principal temple com- 
ment Vras divided. There were those who had been moved 
by the handsome display and who had felt a constriction of 
the throat when they heard the anthem. These said that it 
was a bitter shame but that it was typical of King Dasa- 
ratha to put the good of his subjects before his own pleasure 
and that it was a wonderful thing to be a citizen of Ayoda. 
Where else, they asked one another, could a man of learning 
go straight up to a King, bold as brass, and tell him to his 
royal face that he could not have a birthday procession. In 
the Kingdom of Vamsa he would have been boiled in a 
cauldron of oil, in the Kingdom of Magada he would have 
been '^ewn up into the raw skin of a wild beast and put in 
the sun till he was squeezed to death; in the Kingdom of 
Avanti he would have been sent to labour in the rock-salt 
mines. Only in Ayoda was h«.' free to tell the truth, 
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On the other hand, there were those who deliberately 
restrained their emotions in front of the display, since they 
were people with a reputation for independence of mind. 
These said that it was certainly a pity that there would be no 
procession, but they doubted if the King had much say in 
the matter. It was probably an intrigue of the Brahmins who 
held the poor devil (they dwelt upon this bold description of 
Dasa-ratha) in the hollow of their hands. If anybody asked 
them, they said, then their opinion, for what it was worth, 
was that it was all some jiggery-pokery on the part of the 
new Lord Chamberlain. But others pointed out to these 
doubters that, Lord Chamberlain or no, the astronomical 
facts were there, the stars could not lie, not at least in a land 
where there was freedom of expression. With this argument 
the doubters \\'ere happy to agree. 

The crowd dispersed, unanimous in the opinion that 
being a King was no bed of roses. Even the beggar in the 
street (they said) had the right to celebrate his own birthday. 
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The Parrot is Explained 

M antara in her top room had seen the flags; she 
had heard the trumpets and she had seen the flags 
come down. But it did not concern her. Her 
thoughts were filled with the hard and bolt-eyed shell of a 
bird in its regal cage, and with her good fortune. This she 
had already begun to enjoy. That is to say, she was in rags, 
she ate scraps from the kitchen and she was still ignored, 
but she now loitered in the various courtyards of the palace 
observing the courtiers as they went about their business or 
idled during the interminable waits that made up most of 
their waking hours. 

She marked them down. This one turned his head away 
when she passed. That one did not move his legs as he 
leaned against the wall of a corridor and she was forced to 
step over his feet. This one v/as urinating in a flower plot 
and did not trouble to conceal himself as she passed. That 
one pushed her in the back v hen she was in his way. When 
she came to power, the man who turned his head away 
would lose it or pay to keep it in a bag of gold; the man who 
would not move his feet would move them fast enough 
under the bastinado; ihe urinating courtier would spend a 
year looking after the royal buffaloes where he would be 
among manners as simple as his own; and the courtier who 
pushed her would be ruined and disgraced to teach him not 
to be in such a hurry in going about his business that he 
forgot the respect due to an elderly lady. She memorised 
their faces carefully. 

But she still did not know just how she would come into 
her own. The King was still silent about the meaning of her 
gift. She talked to no-one and nobody came to visit her. 
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Yet, she had faith that all would be revealed in good time, 
and so it was. 

The two principal royal cooks in the royal kitchen were 
an ill-matched pair. One was broad and jolly as a cook 
should be. He cooked the main dishes; he was adept at 
grinding spices together to make a sharp curry. The other 
cook was lean and cynical; he looked as though he ate 
nothing but the other cook’s curry-powders. He made the 
sweetmeats. His skill was unbounded; special boats, straw 
covered against the sun’s rays brought snow by river once 
a day from the mountains in order that this gloomy artist 
could chill the froths of milk, sugar, the whites of eggs and 
ingredients more mysterious that it was the King’s delight 
to eat after his meal. Possibly because the products of his 
labour were so insubstantial he was devoted, in argument 
(and the two cooks argued incessantly about everything), to 
demanding the solid facts. The happy cook took things as 
he found them (except kitchen boys) and did not find them 
insupportably bad. 

On the day of the proclamation Mantara went down to the 
kitchen about three o’clock in the afternoon with one of her 
few possessions, a large wooden bowl in which to put her 
scraps. The broad and jolly cook was beginning to prepare 
the evening meal, and the thin cynic was squatting on the 
floor, surrounded by a basket of two dozen eggs, a heap 
of sugar on a fig leaf, and an open box of powders that were 
his own secret. He was looking at these with distaste since 
he was an artist and like all artists had a profound disin- 
clination to begin his work. The fires in the low charcoal 
stoves were drawn but the kitchen was hot from the 
morning’s cooking. The two cooks were in a desultory 
argument, the large curry cook squatting over a black stone 
on which he was grinding spices with a stone roller, 
cook nodded to Mantara in a friendly fashion and indicated 
a bronze cauldron full of leavings. The thin sweetmeat cook 
looked at her with such disapproval that she might have been 
a stick of cinnamon that he proposed to use in the evening's 

28 



THE PALACE OF LIES 

masterpiece. Mantara ignored him, for she had long ago 
settled upon his punishment. He was to be put in a dungeon 
and fed on nothing but sweetmeats until he was as round- 
bellied as a spoilt poodle. She filled her bowl slowly and 
listened to their conversation. 

“What’s really going on, that’s what I would like to 
know,” the sweetmeat cook was saying. 

“It’s all in the Proclamation,” said the other. 

'' ProclamationP" said the other, in a tone of deep con- 
tempt. “You believe anything they say in a proclamation, 
don’t you.^ I suppose if one of them fancy young men spat 
in his trumpet a bit and announced that the King’s cook 
was henceforward and from now on as with effect from 
today really a woman and not a man you’d give up 
shaving.” 

“Wish I could,” said the other cook equably, “what with 
getting up for early market and all, but the Superintendent 
likes things looking neat and clean. Not that anybody ever 
wants to see me. I could grow a beard long enough to clean 
a saucepan with before anybody would notice. I haven’t 
seen a member of the royal family closer nor you are to me 
come, oo, now, it must be five years. Still, it suits me. ’Tisn’t 
my beauty what makes my curries taste, its me turmeric, is 
what 1 always say.” 

“I have,” said the thin cook. 

“You’ve what.^” 

“Seen them.” 

“Seen who.^” 

The royal family. One of them, at any rate. I was sent 
for,” said the thin cook meaningfully. 

‘Was yoLi.^ Why was you.^” said the other with genuine 
pleasure. 

“My mango syrup. That’s what she saidJ' 

“She, chr 

“That’s what I said. Trust a woman,” remarked the thin 
cook in a tone which showed that one should trust her only 
to do unspeakable villainies. 
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“Who was it? The Queen?” 

“She behaves as if she was,” said the other. “No. It was 
Her Highness, Her Mightiness, Her Who-are-you-and- 
Spit-in-your-eye Sita.” 

“Well, she will be Queen one day when Rama gets his 
turn. They do say they’re a happy couple.” 

“She isn’t Queen yet.” 

“No. You’re right there of course,” said the other, rolling 
his spices. “But she seemed a quiet sort of girl to me.” 

“Ho?” said the sweetmeat cook, sarcastically. “That was 
when she asked you up to chew over a little halva in the 
boudoir and have a nice chat, was it?” 

The other man laughed. “You’re the one what moves in 
high society,” he said. “What did she say to you?” 

“It wasn’t what she said it was the way she put it. Asked 
me where I was born and if my mother had taught me how 
to cook. Then she asked me if the Queen liked my mango 
syrup and how much she ate of it and what else the Queen 
ate and could she have some like it and would I make her 
lots of it when she was Queen because when she was Queen 
she was going to do what she liked which now she couldn’t 
being a stranger and not liking to give orders and thank you 
she would remember me and here was a couple of pieces of 
silver so’s I would remember her^ 

“Yes, and what did you say to all that?” 

“I thanked her for her money but I give it back to her,” 
said the thin cook with fierce dignity; “I told her I was happy 
to know she liked my mango but as for what the Queen 
said and as for what the Queen ate that was Court business. 
Oh yes, I forgot.” 

“You forgot what?” 

“She asked about Master Barat.” 

Hearing the name of the Prince that she had nursed, 
Mantara made an excuse to stay. She asked if she might 
heat her food a little and being given permission willingly 
by the curry cook, she stayed, poking and blowing at the 
charcoal, and she listened. 
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“Well, now,” said the curry cook, turning back to his 
companion, “what did she say about Barat^” 

“She asked if he liked sweets. She asked what he was like 
when he was a boy and what her husband was like. Then 
she said: ‘The King must have spoiled him. I’ll be bound. 
He’s always been the favourite, has Barat, hasn’t he.^’ ” 

“She’s right there,” said the curry cook. “I suppose you 
told her so.” 

“I told her that so far as I was aware His Majesty the 
King had no preferences as betwixt and between the heirs 
presumptuous and aperient,” said the cook, and he closed 
his lips in a hard line like an ambassador refusing to give 
information that was not covered by his instructions. 

There was silence in the kitchen. 

“You can see what she was getting at.^” said the sweet- 
meat cook. 

“No. I can truly say I don’t,” said the other, leaning on 
his roller. 

“Think,” said the thin cook, impatiently, “what about 
the proclamation.^” 

“Ah, yes,” said the other, anxious to oblige, “of course.” 
But after grinding in a clove or two he shook his head 
and said, “I can’t remember anything in it about mango 
syrup.” 

‘^Syrupf Who’s talking about syrup.^” 

“I thought the Princess Sita was.” 

“Syrup, huh,” replied the other. “She was spreading 
plenty under my feet but I didn’t get stuck. Can’t you see 
what she was driving at.^ Everybody knows that the King 
and Rama has had words from time to time. What over I 
don’t know but I can guess it’s over that foreign wife he’s 
brought back. And I wouldn’t mind betting my year’s 
wages that the King’s made up his mind that rather than 
have a woman like her as Queen he’ll make Barat the heir. 
He can, you know, if he takes it into his mind. So she’s 
starting up a party to support herself and she thought — she 
thought — she’d get me mixed up in it. That's why there’ll 
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be no procession. Wheels, is what 1 say. Wheels within 
wheels.” 

Mantara took her food off the fire, put it in her bowl and 
left without speaking a word. The sign had come. She knew 
why the King had sent her the parrot. 

Without stopping to eat, Mantara went straight to the royal 
quarters of Barat’s mother and demanded admission from 
the eunuch at the door. He gave her a single glance, held 
out his pink palm, and when it was not instantly soothed 
with the touch of money, he rubbed his thumb and fore- 
finger together under Mantara’s nose to indicate what he 
wanted. 

Mantara had no money. But she did not argue and she 
did not hesitate. She was sure her moment had come: had 
the eunuch demanded her bloodshot right eye she would 
have given it to him. So now she waddled as fast as she 
could go back to her own turret and took the dead parrot 
out of its cage. She blew the dust off it, stroked it and 
apologised. 

‘‘When I have done my work,” she told it, “I shall give 
you a cage of gold wire with a perch of lapis lazuli and two 
servants to look after you for ever. Just now I must give 
your cage to the eunuch because I must see Barat’s mother.” 

She put the parrot carefully among tlie rags which made 
her bed, where it lay with its head on a greasy cushion, its 
beak gone scaly and green from the poison with which it 
had once been anointed. 

The eunuch examined the cage in detail breathing through 
his nose and letting his fat lips fall open. At length he nodded 
and walked away from the door, his bribe swinging from 
his finger. He disappeared down a corridor leading to the 
eunuch’s quarters and Mantara, left alone, pushed open the 
door and went in to see her old mistress. 

The Junior Queen was lying on a round bed that stood a 
few inches above the floor and had a fence of pierced silver 
to hold in the cushions. She was forty, with what remained 
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of her youthful and fragile beauty after years of irritable bad 
temper- She lolled on the bed with the utter weariness of a 
person who has done nothing whatever for a lifetime. 

She looked up petulantly as Mantara entered. She recog- 
nised her immediately, although she had not seen her for 
more than a year. She had a capacious memory for people 
against whom she could complain. 

“Mantara,” she said and fidgeted with her bangles. She 
nodded permission for the woman to speak. 

“Your Majesty,” said Mantara, and creaking down to her 
knees, she touched the Junior Queen’s painted toenails as 
they lay curled in the cushions. “I have come . . .” 

“You have taken your time.” 

“Your Majesty did not summon me.” 

“Am I a magistrate?” asked the Queen. “Must I send the 
guards to everyone I want to see? Can nobody come to see 
me because they are fond of me?” 

Mantara bowed her head and holding the lobes of her 
ears shook her head slowly from side to side, in the im- 
memorial Indian gesture of contrition. 

“I have been ill,” she lied. 

In this palace of lies, illness was the customary one, and 
passed for an apology. The lie was necessary. The Junior 
Queen had begun her life as the pretty daughter of a small 
country nobleman. She had early shown that she had two 
fixed aims in her life: she washed everyone to love her, and 
she w^ould do nothing whatever to make them do so. When 
she was twelve her moth(‘r explained to her that this attitude 
had no sense; at sixteen she was told angrily by her father 
that it would lead to her ruin. At seventeen she was taken 
to Court. When the King became fully aware of the depths 
of her feminine selfishness, he fell at her feet and after 
grovelling there for some time, married her. She became 
Junior Queen and neither her mother nor her father nor 
anybody else criticised her behaviour again. 

“Well, then,” said the Junior Queen to Mantara, “so you 
have been ill and now you are well so what do you want?” 

33 



RAMA RETOLD 


“I want to save your Majesty.” 

“From what.^” 

“From being ruined and despised and sent to live in the 
backroom of these quarters.” 

“Despised.^” said the Junior Queen. “I think I shall slap 
your face. People do not use that word to me.” 

“Not now, Majesty. But when the King dies and Rama 
rules, his wife, Sita will be queen and you will merely be 
the mother of Barat, a younger son.” 

“The Princess Sita is an honourable woman. She will 
know how to behave towards me.” 

“Yes: she’s already plotting it.” 

“Plotting.^ With whom.^” 

“The pastrycook.” 

The Junior Queen laughed very heartily at this. But she 
listened to what Mantara had to say intently. 

Mantara lowered her voice but after she had been speaking 
for some while, the Junior Queen feared that even her 
muttering might be heard. She drew her into a corner and 
bolted the door. The two women huddled closer. 

“But my brooch is not a parrot,” protested the Queen, 
after some time. 

“Your Majesty must be mistaken.” 

“No, I’m not,” said the Junior Queen. “It is a hawk. I 
remember the King telling me so when he gave it me.” 

“Then your Majesty is quite right to say it is a hawk but 
it is the King who was wrong,” persisted Mantara. 

“Well, let us look at it,” said the Junior Queen. 

Hearing a noise outside the door, she opened it slightly 
and sent the eunuch away on a long errand. Then she went 
to her jewel box which stood on four small wooden ante- 
lopes in a corner. She searched, rattling the jewels until she 
produced a small brooch. 

It was shaped like a hawk. 

“There,” said Mantara, “it’s a parrot.” 

“How can it be.^” said the Junior Queen, pointing to the 
bird’s head. 
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“It must be,” said Mantara, “or else the King would not 
have sent me a parrot; he would have sent me a hawk. He 
wanted me to remind you that he had given you the brooch.” 

The Junior Queen giggled as she looked at the hawk. 

“Fve never told anyone why he gave me it.” 

“You told me,” said Mantara. 

“Did 1.^” said the Junior Queen. She giggled once more, 
and Mantara did the same until a fit of coughing overtook 
her. 

King Dasa-ratha, they recalled with looks and winks, had 
given the Junior Queen the brooch after her wedding night 
because their embraces had been disastrous. The King, for 
once, had become impotent. He had made a royal gesture 
to cover his confusion. 

“Anything I wanted I could have, he said,” the Junior 
Queen whispered. “Fd only to show him the brooch.” 

“Then show him it and ask for Rama to be thrown over 
and your son made heir. He won’t refuse,” said Mantara. 
“It’s what he wants, don’t you see? He wants an excuse. 
Barat’s always been his favourite.” 

The Junior Queen hesitated. 

“But suppose,” she said, “suppose — it’s a long time ago 
— that he doesn’t agree — suppose he won’t keep his 
promise — suppose . . 

“Then let him know,” Mantara answered, “that you’ll 
tell everyone in the Court the story of why he gave you 
the brooch.” 

The Junior Queen thought for a while. Then she giggled 
once more. She said: 

“Yes. TAat will do it.” 
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Intrigue and Innocence 

T he assembly was of the utmost splendour; the King 
was positively seen to weep; Rama turned a pale 
ivory; and all the Brahmins agreed that his behaviour 
subsequently was a credit to his education. It was, in a 
word, an historic occasion. 

Having summoned Rama to the Audience Hall, King 
Dasa-ratha received him with every mark of affection. He 
seated him on a stool on his right hand, next to the low 
throne on \v'hich he himself sat crosslegged. He put his arm 
round his son’s shoulders and asked tenderly after his health, 
and while Rama answered, the King, plainly with his 
thoughts on the sad duty to come, shook his head that 
looked like half a melon from side to side. 

Then an usher, his long hair richly oiled and a garland 
of flowers round his neck, waddled to the entrance of the 
Hall. He came back shepherding a man and a woman both 
dressed in Brahminical white but poorly. The usher prodded 
them officiously with his ivory stick of office until they were 
exactly opposite Rama and the King. He then gave the man 
a sharp tap on the shoulder and the two poor Brahmins fell 
prostrate at the King’s feet. That they omitted the usual 
crawling on the marble, and that the usher permitted them 
to do so, showed that they were no usual suppliants. 

The King rose. Rama rose. The King held up his hand. 
The two Brahmins got to their feet and Rama could see that 
they were an elderly man and woman, both of a mild aspect, 
and both frightened. The King began to speak and as 
custom demanded, Rama listened to his father with bov.'»:d 
head. 

“Son,” said the King, “dearly beloved and inheritor of my 
sceptre, your father humbly begs your forgiveness.” At this 
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the King bowed his own head towards his son, and stood 
holding his ears in contrition. Generous tears started to 
Rama’s eyes and he protestingly murmured that a son could 
not forgive his father but only obey him; but if a son could, 
then it was done. 

“I am grateful,” said the King, “and now I may speak 
freely.” He turned away from his son, not without showing 
some signs of relief, and, while addressing him in his form 
of words, in his posture addressed the Court, in particular 
the scribes who, sitting crossleggcd against a pillar, made 
notes for the Court historians who would later work up 
the King’s words into the Chronicle of the Deeds of the 
King. 

“Dearly beloved son, you know that in my youth I went 
hunting, one ill-omened day, and I was led away from my 
companions by a deer of exquisite beauty. I chased it for 
many hours and even when the sun had set, I followed it, 
contrary to the prescriptions of our holy Brahmins who say 
that we should put aside worldly concerns at the onset of 
night, and pray.” 

Here there was a murmur of approval from the Court 
Brahmins and the King proceeded: 

“I followed this animal along the banks of a river and 
I would not give up the chase even when it was almost 
night. Then I heard it, as I thought, stop to drink. I loosed 
off an arrow through the reeds, blindly, shooting at the 
place from where the sound had come. I heard a great cry 
of pain. But it was not the cry of an animal. It was the 
anguished voice of a boy.” 

Here a profound silence fell on the Hall of Audience, 
although everyone present knew the story well. The man 
and the woman bowed their heads. The woman put her 
hands to her face and it could be seen that she was weeping. 
If the silence of the courtiers was a mere politeness, no-one 
could doubt the genuineness of the woman’s grief. 

“I had shot a young lad,” said the King in a lower voice. 
“A fine boy of fourteen years lay in tlie water that was 
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reddening with his blood. He was the son of this simple and 
holy man and this simple and holy woman. I took him back 
to their modest house which he with his last strength, 
pointed out to me. He died in his father’s arms within the 
hour.” 

The King lowered his eyes and bent his head. His scant 
curls, artificially lengthened, swung forward and hid his 
cheeks. He looked up. The curls returned in disarray and 
underlined the King’s unhappy knack of appearing an 
ageing woman. 

‘‘Is this true tliat I have said.^” the King asked the father. 
He did not answer but a sharp tap of the usher’s rod brought 
him to his senses. 

‘‘Majesty, it is true.” 

The King turned his rounded nose and receding chin 
upon Rama and looked on him with his exhausted eyes. 

‘‘I told them that I was a King. I swore that I would make 
any reparations which they asked of me, short of my King- 
dom or my life, which were given me by the gods them- 
selves. The father asked only one thing: that as I had taken 
away their eldest son whom they had cherished fourteen 
years, my eldest son should be taken away from me for the 
same time; and that it should be done when I stood, as he 
did, on the threshold of old age. I had no son. I consented. 
I am now fifty years old. They are here to claim the fulfil- 
ment of my royal and sacred oath.” 

In the spandrels of the arches that rested upon the columns 
of the Hall of Audience were grilles of stone, from which 
the ladies of the Court and their women could watch in 
decent seclusion the ceremonial below. The Junior Queen 
leaned her face against one of these: a few feet away Mantara 
peered through another. Now, as King Dasa-ratha repeated 
the vow he claimed to have made, the Junior Queen 
stretched out her hand, tugged Mantara’s sari, and then 
tapped the jewelled hawk, winking and grimacing. 

Below, Rama, white with dismay, was protesting that he 
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had always thought that the King had vowed a temple in 
reparation and that he had rebuilt it and that . . . 

“You were not born for two years more,” said the King, 
his irritability showing through his stately manner, “I 
wished to make some gesture of my grief that would be 
immediate. But the vow stands. And they claim it now. That 
is true.^” he said turning to the man. 

The gentle old man raised his eyes and looked at the King 
in terfor. He licked his lips. 

“Yes,” he said. 

The King nodded his half-melon of a head briskly. 
“Dearly beloved son,” he said, and now his impatience was 
plain, “you will want me to break my oath. Say so now, 
with the greatest Brahmins in the land as witness, and in 
front of this old woman and this old man, so that they may 
go away and trouble me no more, and so that I may go to 
my death and face the penalties which the Gods will inflict 
upon me for my murder and my broken word. Speak!” 

But Rama, folding his hands in front of his face in a 
gesture of respect, bowing his head towards his father, 
repeated the lesson he had been taught since his childhood. 

“The word of a King may not be broken. The duty of a 
son is to obey.” 

With that he fell silent, but bowed still deeper. The King 
said nothing, and Rama, his voice trembling, asked the 
King’s permission to withdraw. 

The King unwillingly agreed, first glancing across at the 
Lord Chamberlain, who nodded his head in approval of 
Rama’s request. 

Rama descended to the floor of the Hall of Audience, 
paused, did reverence to the parents of the boy who had 
been killed, and then, his head still bowed and his face 
bloodless, he left the audience chamber. 

Rama first asked advice of his tutor, a small Brahmin with 
a schoolmaster’s mind, who had taught him to read, and to 
be a good boy. 


39 



RAMA RETOLD 


The tutor was a man of the highest ideals, who lived in 
constant fear of being without employment. He loved his 
pupil Rama, but he was aware that a man of twenty-seven 
does not need a schoolmaster. Rama had no children: the 
King had more than he could count. 

He advised Rama that a father’s oath was sacred to son 
and father alike; he sang several Sanskrit texts to prove it,‘ 
not failing to point out the interesting points in the gram- 
matical structure of the sentiments as he did so. Hfe sug- 
gested that Rama spend fourteen years in China, studying. 

Next Rama asked advice of his personal priest, the Brah- 
min, who tended his altar fire. The Brahmin had accepted 
the post in the hope that he would be in the centre of court 
intrigue and thus secure his advancement. Rama never 
intrigued and the Brahmin despised him. He told Rama that 
a man who caused his father to commit a crime would be 
tormented by devils for all eternity in Hell. He advised 
Rama to go to Magada and throw himself on the mercy of 
its ruler. By playing his cards well, said the Brahmin, he 
might collect an army and return with something to say for 
himself. 

Next Rama asked the advice of the Lord Chamberlain. 
The Lord Chamberlain was privy to the plot and had already 
made good his post with Barat. He told Rama that he 
thought no young man should be loaded with his father’s 
mistakes. However — and here he lowered his voice and 
spoke in a very round-about fashion — however, the King’s 
weakness for ladies had got the monarchy into bad odour in 
the city. If it were known that the Royal family condoned 
the killing of a Brahmin and broke its sacred word, the 
reputation of the monarchy would suffer still further. The 
monarchy should set an example to lesser men. A prince 
had certain advantages — certain responsibilities, as well. 
For the safety of the State he advised Rama to leave the 
Kingdom. “Try a trip to Malabar,” he said, “the scenery 
I am told is superb and the hunting in the Nilgiris is not 
to be equalled.” He overreached himself here, for Rama, 
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uneasily suspecting that the Lord Chamberlain was treating 
him not as a man with a moral problem (as he felt himself 
to be) but as an idle-minded boy, protested: 

“I cannot spend fourteen years hunting.” 

The Lord Chamberlain recovered himself. 

“Fourteen years, Your Highness.^ That is a very long 
time. In the life of a great prince like yourself, one year is 
a long time. Who knows.^ The King may die — the gods 
forbid, of course — or I, even, may see some way — who 
know’s — some reason — of State, naturally — to accede to a 
popular demonstration, shall we say, demanding your 
return — ah, hum, a spontaneous demonstration, of course.” 

“Do you think that they will.^” 

“I am practically certain they will,” said the Lord 
Chamberlain. “I only regret that it’s impossible, for 
political reasons, to organise a spontaneous demonstration 
this very night. But — well, you understand these matters 
even better than I do.” 

Rama understood nothing, but he nodded sagely. He 
should not be blamed. The middle-aged flatter the young 
for no purposes save their own — but only the middle-aged 
know it. 

The Lord Chamberlain thought of taking his leave, but 
stayed to ask one question. 

“And what does Your Highness mean to do tonight.^” 

“I shall sacrifice on my altar,” said Rama, “and I shall 
supplicate the gods to guide me.” 

“Good,” said the Lord Chamberlain, solemnly. “Very 
good.” He was reassured for he knew that a man of action 
offers Thanksgivings, but never supplications. He was now 
convinced that Rama would give him no trouble. He said, 
in an offhand way: 

“His Majesty asked me if I thought you would be able to 
give an answer by morning tomorrow and I said that I 
thought that a true nobleman like yourself with your great 
intelligence wouldn’t need as much time as that to do his 
duty.” 
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“Of course, of course,” said Rama unsteadily. “To- 
morrow morning then. Duty, yes. That’s simple, as you 
say. But it raises questions: so many questions ” 

The Lord Chamberlain, satisfied, settled himself down 
to what he shrewdly estimated would be about ninety 
minutes’ listening. He did so amiably. He was a man who 
did not believe in hurry unless there was something to be 
got for himself: and he had got all he wanted. 

Now Rama was a young man of fashion and the fashion 
among young men of his (and less distant) days was to roll 
notions round their minds and to ask tremendous questions 
about life: a proper thing to do because the history of man- 
kind is moulded by their ideas and a fine spectacle it is. 

Rama wanted to know what his purpose was here below: 
to do his duty by the gods.^ to do his duty by himself.^ or 
to be free.^ He wanted to know if as a prince he should do 
what he thought would be good for his subjects, or what 
they thought would be good for themselves; or something 
of each; or to build heaven on earth.^ He wanted to know if 
his destiny was more powerful than his free-will, if he should 
control his appetites, or educate them, or suppress them, or 
indulge them without stint.^ He wanted to know if he ought 
to strive to be a great man, a humble man, a practical man, 
or a saint.^ Was the world reaP Or an illusion.^ What was 
man doing here.^ Should he rejoice.^ or despair.^ Was he 
damned.^ Could he be saved.^ How.^ Was the way of renunci- 
ation (which was attracting so many of the best minds of 
the day) the right way.^ Should he seize this chance to give 
up the world? 

All of these were good questions and only a cynic would 
say that they have never been answered. But it might be 
said that they were difficult to answer between supper and 
breakfast. 

When the Lord Chamberlain rose to go, he said: 

“I am out of my depth with a brilliant mind like yours. 
But I leave you with this thought. Renunciation, say all the 
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sages, is the path to liberty. And if a prince became a hermit 
he is sure of being famous throughout the land.” 

The Lord Chamberlain bowed and left. He had made up 
his mind that Rama was generous, warmhearted, loyal, well- 
meaning, intellectually brilliant, idealistic, and a damned 
fool. In this he summed up the general opinion and this was 
only to be expected for that is the major art of being, as he 
was, a successful politician. 
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Sita 

T here were two people in the palace who did not 
think Prince Rama a fool. One was his brother Lux- 
mun and the other was Sita his wife. 

Sita was a young woman with an oval face, long eyes 
shaped like almonds, a slender figure (but she was rather 
short) and a graceful carriage when she walked. She was 
otherwise quite unremarkable. Because of this she presents a 
insoluble problem for anyone re-telling the ancient story of 
Rama. 

Whether we take the story as altered by millennia of 
Brahminical forgery, or whether we take the bare bones of 
the tale which is all that we can be sure is original, there is 
no doubt that Sita is the heroine. 

But Sita was not heroic. She was perfectly satisfied with 
loving her husband, and this, with a husband as handsome 
as the young Rama, did not call for heroism. She was never 
torn with anguish — she was too busy looking to Rama’s 
comfort. She was never seized with the desire to revolt from 
the bonds of marriage — she would have considered it as silly 
as revolting from being, as she was, just under five feet high. 
She was not determined to make her husband a famous man 
— she looked upon all other men as unfortunate failures 
beside him. She was not passionate; she merely enjoyed 
being in bed with her husband. She was faithful, but not 
dogmatically so, as we shall see. She was not proud, except 
of her husband; she was not imperious except with her dress- 
maker; she was not mystical, except when doing arithmetic. 
She had none of the qualities of an Indian, or any other 
heroine. She was a good woman, a good wife, and a simple 
soul. We must put up with her. 

Luxmun, Rama’s younger brother, can best be described 
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as a good companion for her. He was strong in body, and 
wore large mustachios. His moustaches and his brother were 
the things he loved most in the world. Next, he liked a good 
fight, but a fair one. He thought of himself as a soldier and 
had been through a campaign or two, in which he had shown 
courage. He was brave, honest, straightforward and, again, 
a simple soul. His unsophisticated face behind his unsmart 
moustaches appears in the background of all Rama’s adven- 
tures." We must be content, therefore, with two good and 
uncomplicated people. 

They sat together now outside the room in which Rama 
was meditating his decision. 

Luxmun put his hand on Sita’s. She smiled up at him 
briefly and then returned to her watch upon the door which 
she had maintained for two hours. 

Then a servant came in with a cup of hot syrup. Sita took 
it, and tapping gently at the door, went in to her husband. 

Luxmun waited, pacing the room with a military stride 
and biting his moustaches. Once he yawned (for he was 
young and the night seemed endless) but he rebuked him- 
self and bit at his moustaches more savagely to keep himself 
awake. 

After a long quarter of an hour Sita came out. She set the 
empty cup down on a small table. 

“Well.^” said Luxmun, keeping his voice low lest his 
brother should be disturbed. “Has he decided.^” 

Sita nodded. She smiled at him again, but uncertainly. 
“It seems,” she said pulling the head piece of her sari for- 
ward, “that we are going to renounce the world.” 

“When.?^” 

“Tomorrow morning.” 

“Does he know that we mean to go with him, whatever 
happens.^” 

“I told him so.” 

“Did he forbid it.^” 

Sita paused. She sighed. 

“I think, brother-in-law,” she said, “that my husband is 
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in such a wonderfully elevated mood that he won’t notice 
whether we are with him or not.” 

“Oh,” said Luxmun, “well, good, then.” 

“Yes,” said Sita. “I suppose it is. Well, I must go and put 
a few things in a bundle.” 

“Bundle.^” said Luxmun. “Well, I don’t know about that. 
Never seen one of these fellows who’s renounced the world 
with a bundle. A stick, yes. And a bowl. But they never 
carry a bundle.” 

“Oh,” said Sita. “I’ve never noticed much myself. But I’m 
sure you’re right. Well, then, I must go and pack it.” 

“The bundle, you mean, Sita.^” 

“Yes, Luxmun.” 

“But, Sita, as I said, they don’t carry one.” 

“Never mind,” said Sita, “/ shall carry it.” 

“Yes, of course. Or I could,” said Luxmun. 

“You’ll have your bow and your spear. He’ll need pro- 
tecting. And I don’t care whether the others do or not. 
You’ll have to take care of my husband.” 

“I shall, most certainly.” 

Sita looked at the door reflectively. 

“It’s strange. To think that he’ll be a great saint.” 

“Always knew he’d be a great man,” said Luxmun, also 
looking at the door. “I’d rather hoped he’d be a great king.” 

“To renounce the world,” said Sita firmly, “is a far finer 
thing than being a king.” 

“Yes, of course,” said Luxmun. 

“Well,” said Sita. “I’m going. Aren’t you going to bed.^” 

“I think I’ll wait a little.” 

“Then, goodnight Luxmun.” 

“Goodnight, Sita. The gods keep you.” 

Thus, unheroically, they parted. 
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The Noble Gesture of Prince Rama 

T h e news that Rama was going into exile to fulfil a 
sacred pledge of his father’s stirred the whole town. 
People wept openly in the streets. Everybody felt 
uplifted. They all felt that they, too, were really capable of 
such a noble deed, if it were not for their wives, their 
children, their debts, their mistresses, their businesses, or 
their rheumatism. The early morning beggars did very wellj 
a merchant informed a customer that he had paid too much 
by mistake; men going home from the brothel quarter and 
hearing the news in the hot-drink shops, determined to 
rescue at least one woman from her life of shame. It was as 
though an angel had passed through Ayoda, brushing the 
inhabitants with the tips of its wings. 

“They’ll be looting the shops by ten o’clock,’’ said the 
Lord Chamberlain to his barber as his spies briefly reported 
the morning gossip of the town. The next hour showed signs 
that he was right. 

The sentiments of the people changed. From feeling that 
they all could do so noble a thing they turned — as the press 
of daily affairs grew worse — to saying that not even ^ma 
should be asked to do it. They were being robbed of a future 
king and a king such as history had never witnessed. All 
knew the story of the dead boy: nobody until now had heard 
of the oath. Those who had wept in the streets dried their 
eyes in the hot-drink shops and took a realistic look at the 
matter. While praising Rama as a saint they had to agree 
that he was a simpleton. Something, they said, was going 
on behind the poor boy’s back, and it boded no good for 
the people. There was a woman in it, they’d be bound. That 
was where the taxes went, on women. 

The sun rose higher and so did the indignation of the 
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people. The beggars got no more money, a loss which they 
accepted with philosophy: in common with priests they had 
every reason to know that religious fervour changes men’s 
lives, but not usually for very long. 

Sweating deliciously from their spiced hot drinks, the 
more fiery members of the crowd began to make for the tax- 
collector’s booths. The tax-collectors, having prudently put 
up their shutters, the crowd wrote ram a across them and 
then, somewhat inconsequentially, smashed them up. They 
were shouting outside a rice store when the Lord Chamber- 
lain strode to Rama’s quarters, bowed to the ground and 
begged him to save the situation. 

Rama was in a state of exaltation, partly from lack of sleep 
and partly because of his decision. He was quite unable to 
follow why his resolve to take the saffron robe (the mark of 
renunciation) should lead to the sacking of food stores. The 
Lord Chamberlain fervently assured him that there was an 
explanation but the time consumed in making it would cost 
the town at least two rows of shops. He begged Rama, out 
of the nobility of his spirit, to show himself to the people 
dressed for the hunt, and so reassure them that he was not 
leaving. 

Rama replied reasonably that since he had made up his 
mind to go he did not see any purpose in leaving disorders 
behind him. But a question occurred to him, and this time 
it was not one to do with the Universe or his soul. He said: 

“Last night you spoke of demonstrations in my favour. 
This is one, then.^” 

The Lord Chamberlain had forgotten what he had said 
the night before, a habit which he had cultivated. As a rising 
politician he had hoped that what he said would always be 
memorable: as a mature one he depended on it being the 
reverse. 

“That,” he said, “was different.” And then recalling with 
an effort what he had said, he went on triumphantly, “These 
are hooligans.” 

“I understand,” said Rama. But he did not understand, 
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and for the first time in his life, he knew that he did not. It 
was the beginning of his education in living. 

The world had never looked so difficult to renounce as it did 
that morning. By the Lord Chamberlain’s guileful fore- 
thought, Rama’s chariot was ready for him, and it was in 
this that he drove to the confines of the city. Crowds 
gathered round his horse: women threw flowers: old men 
called 'blessings and some younger ones shouted remarks 
against the King. 

But the soberer heads among the citizens, those who could 
stand back and take a steady look at things, pointed out that 
there was one clear proof that the rumour of the Prince’s 
exile must be false: nobody would go on a long journey into 
the countryside by chariot. With the roads what they were he 
would have to abandon his chariot in the first five miles. 
Plainly Rama w’as going hunting in the woods outside the 
walls. These sensible citizens joined in the cheering good- 
humouredly, and then went home quietly, advising every- 
body else to follow their example. 

The shouting died away, the cheering subsided, and there 
were no more flowers. Rama drove through the city gates, 
surprised at finding how pleasant the tribute had been, and 
surprised, too, at himself, that he should think so. 

Half a mile beyond the gates of the city, the road passed 
through a wood and there Rama found his wife and brother 
waiting for him. 

Now came his most testing moment; now he must send 
back the charioteer and his horse and chariot; now he must 
renounce the pleasures and power of the world. 

The cheering still sounded in his ears: he could still smell 
the scent of the flowers as they had been crushed beneath the 
hooves of his horse. 

He reflected as he patted his horse’s neck that nobody had 
ever taken that amount of notice of him before. He reflected 
again, as he gave the charioteer a ring from his finger as a 
keepsake, that they had only noticed him because he decided 
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to uphold the honour of his father and to show himself a 
dutiful son, and because a father’s honour and an obedient 
son were the foundation (so said the Brahmins) of all society 
and all religion. He had roused the city by his noble gesture. 
He would not betray it. He dismissed the charioteer. 

But Sita and Luxmun noticed that he watched his horse 
until it could be seen no more, and that when he turned to 
them and said that he was ready, he was crying. 

He walked ahead. The others fell in behind. 

“Shall I tell him,” whispered Sita, “that I’ve got his 
hermit’s dress in the bundle.^” 

“No,” whispered Luxmun. “Not now.” 

So Rama began his exile dressed in the trappings of a 
princely hunter, seeking, not game, but answers to his 
questions. 

The hermit’s saffron robe remained in Sita’s bundle through 
the spring, the hot season, the rains and the cool weather — 
the better part of a year of wandering. At the end of this 
period Sita gave the robe away to a necessitous hermit. 

This did not happen because Rama was unwilling to be- 
come a holy man, but rather because of the reverse. Rama 
had conceived the notion of having the robe put on him by 
some saint who, having answered his questions, would wel- 
come him into the community of the elect. 

In the course of his travels he met several saints who were 
very ready to welcome him but were not so warm towards 
his questions. 

The three journeyed from holy place to holy place, not 
only for piety but also for shelter, there being no other 
places in which to rest in the countryside. Their approach 
to a holy place would be heralded by gossiping peasants, 
who had met them on the road or had seen them at theii 
last halting-place. 

The holy men would come out to greet them with gar- 
lands and edifying hymns and invite them to a meal. The 
holy men were all Brahmins of the most orthodox variety, 
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and in the Brahminical version of Rama’s history that re- 
mains to us, great space is given to describing them. Their 
holiness is extolled, their courtesy magnified and their edify- 
ing hymns included word for word. After the meal, the three 
pilgrims would retire to rest. In the morning Rama would 
respectfully ask his host to instruct him in the path of 
renunciation, after which he would beg leave to ask a few 
questions. In a matter of days the three voyagers would be 
travelling again with the most urgent and pressing intro- 
ductions from their host to the next holy man along the road: 
who, having withstood the questioning as long as he could, 
would resort to the same device. 

In this manner Rama, Sita and Luxmun arrived at a river- 
side holy place where the saint had just died. Having assisted 
the villagers at his cremation, they were at a loss for where 
to go. The headman of the village, awed by the plain signs 
that his visitors were high born, knelt and touched their feet. 
With great hesitation he told them that some few miles along 
the bank of the river there was a hermitage. When pressed 
by Rama to say whether any holy men lived there, he begged 
to be excused from answering. It was called, he said, the 
Hermitage of the Gluttons. 

Rama, Sita and Luxmun set out with many misgivings, 
hoping to find some more promising halt on the way. But 
the road, although beautiful, was deserted, and all day they 
passed no sign of habitation. Towards four o’clock they 
came within sight of tlie Glutton’s Hermitage, and Rama, 
cautiously exploring it, Tuet the man who was to make his 
name and his adventures famous — the exiled poet Valmiki. 
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The Tales of Talmihi 




T 


The Hermitage of the Gluttons 

V ALMiKi was the first author in all history to bring 
himself into his own compositions. This was a 
remarkable thing to do. If you take pleasure in read- 
ing books, whatever your race, you should do honour to 
the memory of Valmiki. In the sunrise of writing he estab- 
lished the fact that a book is written by an author and not 
by a committee of accurate grammarians. Valmiki insisted 
that he was somebody, although in fact he was a nobody. 
The least-important Brahmin who screwed taxes out of the 
peasants who sold onions in the market-place was more 
important than this disgraceful scribbler who was not even 
allowed to live in decent society. But Valmiki did not think 
so, and he put himself into his story, as bold as brass. I think 
that he even began the story with himself, although in the 
texts that we have the Brahmins have written in a few pre- 
liminary chapters to make things more respectable. But they 
did not suppress Valmiki. They left him in the story, merely 
altering his opinions. 

But civilised mankind, in its morning hours, had more 
than one Valmiki. There was a whole sect of men who, dis- 
gusted with Brahminical subtleties, Brahminical tyranny, 
and the Brahminical love of philosophical argument — by 
which they proved that everything they did was right 
because God said so — had gone off into the forest and set 
up a hermitage. They called their sect the Gluttons, because 
(they said) a man lives by eating: or, rather (they argued), 
by observation they had established the fact that when 
a man does not eat, he dies. Whatever gods there be, one of 
them must be in a man’s belly and they sacrificed to him 
three times a day — or, in the case of the more devout mem- 
bers of the community, four times. They were soon joined 
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by Other sceptical people who had fallen foul of the Brah- 
mins, and among them, it would seem, was Valmiki. There 
is no evidence that he was an official Glutton, but he evi- 
dently found their company congenial because he put one 
of them into his book. 

While Valmiki was living in this hermitage Prince Rama 
arrived there and the author gave him shelter. It was then 
that the idea of writing the life of this unfortunate prince 
arose in Valmiki’s mind. 

The hermitages at which Rama and his companions had 
previously stayed had been uncomfortable and squalid. This 
was because the hermits who lived in them wished to be 
holy. When Rama and his companions came upon the 
Hermitage of the Gluttons they found it neat and clean and 
pleasantly disposed between a half-circle of hills and the 
bank of a considerable river. This was because these hermits 
did not wish to be holy; they merely did not want to be 
wicked. People so lacking in warmth and enthusiasm must 
be content with their own company, and the Gluttons, 
having quarrelled with the Brahmins, had set up the hermit- 
age to make this possible in a convenient and inexpensive 
manner. 

The houses stood well apart in a half-circle that followed 
the sweep of the enclosing hills. They were made of clay 
and thatched with the dried leaves of palms. The ground 
rose gently behind each of them, and it was terraced. On the 
terraces grew fruit trees, flowers, and vegetables. Tlie space 
in front of each house was sanded and paths led from each 
sand-patch to a banyan tree that grew near the river. Its 
wide-spreading branches and the roots that grew down 
from them in thick columns made a meeting-place. There 
was nothing else. No house was bigger than the others: all 
had one storey. The men lived in perfect equality, none was 
jealous. Since there was no jealousy, there was no rivalry. 
Since there was no rivalry, everybody did much the same 
as everybody else. The community was harmonious, since 
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nobody would have cared a rap if it had broken up the very 
next day. 

Valmiki had been the last to join them and his house was 
therefore on the tip of the half-circle. Thus Rama, coming 
into the settlement, approached this house first. 

He signalled to his two companions to remain behind, 
and he himself strode into the middle of the sanded place in 
front of the door and he rested upon his great bow. 

This weapon was six feet long and rose just above Rama’s 
shining black hair. It had two sinuous curves, and in the 
middle a handgrip of silver, chased with designs of ante- 
lopes. It was a bow that could be drawn only by a man of 
great strength: it was a bow that could be controlled only 
by a man whose strength was disciplined; and such was 
Rama, after his months of pilgrimage. His skin was a golden 
brown and gleamed with the movements of the muscles 
beneath. His torso, naked save for the strap that bore his 
quiver, was heavy shouldered and greatly narrowed at the 
waist, in the manner most admired among Indians. The 
pleated cloth around his hips curved over buttocks that were 
something womanish, a sign in his race of high breeding. 
It fell half-way down his thighs, which were strong and 
spare. His feet were now shod with country sandals, made 
of the hide of a deer. He wore no ornaments, so that noth- 
ing beguiled the eye from the astonishing beauty of his face. 

Down the centuries the face of Rama has never been 
forgotten. Sculptors have handed on the memory from 
generation to generation and from a thousand statues each 
differing a little, we can derive his true portrait. He had long 
eyes. His nose was thin and flaring: his lips rich: his chin 
that of a boy. There was nothing arrogant in his expression, 
but the carriage of his head was very noble. He moved with 
grace and spoke with a voice of a man who is accustomed 
to being heard with attention. Apart from the sum of all 
these attributes there was something more — an air of fresh- 
ness, a clarity, a directness, as of a young man coming in 
from a fine hunt on a glorious morning. At the time when 
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he met Valmiki he was twenty-eight years old and still 
rather simple for his age. 

As a sign of peace, he unstrung his great bow with an 
expert gesture. He then looked around him for the owner of 
the house and found him at work on the terrace above, 
pruning a tree. 

“Reverend father,” called Rama. 

The man looked round. Then the man nodded, and 
hitching up his loose robe, came down some stone steps that 
joined the terraces, alternately looking at Rama and at 
where he placed his feet, so that he stumbled a little, and 
made anything but an impressive descent. 

When he had reached the sanded area, and come nearer, 
Rama could see that his hair was greying, although he was 
not in any way infirm. He was well-built, but bowed in his 
shoulders, and had no repose in his movements. He gave 
Rama a friendly but very keen glance. 

Rama saluted him by raising his joined hands and bowing 
his head. 

“Reverend father,” said Rama, “I ask you to grant me 
and my companions shelter. We are strangers.” 

“Yes, yes, certainly,” said the owner of the house quickly. 
“Strangers are always welcome. It’s my old friends who 
aren’t. They come here and lecture me on my bad habits 
and go away with a basketful of my best artichokes.” 

As he said this he grinned. This grin was the most remark- 
able aflair, and it was largely responsible for his having 
innumerable enemies. It was so striking that anybody watch- 
ing the two — the stalwart Rama and the round-shouldered 
poet — and observing the grin would immediately forget 
Rama, his deep chest, his great bow, his correct buttocks, 
and his strong legs; all would be shadowed — if a grin caii 
throw a shadow — by this phenomenal expression on the 
face of the older man. 

The setting for the grin, Valmiki’s face, would have 
commanded respect but not interest, and certainly not 
hostility, if it had been devoid of this feature. In repose 
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Valmiki could be seen to have a high forehead, a narrow 
face, and a long nose dividing large eyes that were full of 
intelligences. These eyes were heralds of the grin. They 
shone, glittered, and appeared to change colour. Then the 
poet would smilej the smile would make two deep creases 
from his nose to his jawbone and a myriad smaller ones at 
the comers of his eyelids; and the smile would expand and 
blossom into a grin, and this was so redolent of comedy, of 
satire, of amusement and suppressed laughter, that the 
watcher found himself smiling, or laughing aloud, as 
though the world had become a clearer and enlightened 
place, as though much that was dark had been mysteriously 
explained and a great many fears had been shown to be 
bogies: that is to say, if the watcher were young. If he was 
older than forty he felt, usually, as comfortable as a thief in 
the beam of a lantern. 

“May I call my companions.^” he asked. 

“By all means. And who are they.^” 

“My wife, and my brother.” 

Valmiki, grinning once more, said: 

“Then you are, of course. Prince Rama, the famous 
young man who has been thrown out of Ayoda for his 
crimes.” 

“I am a pilgrim seeking the path of renunciation,” said 
Rama. “I was not thrown out of Ayoda, I was . . .” He 
paused and searched for the right words; he found it difficult 
to find them under the scintillating gaze of Valmiki. “I was 
asked to leave,” he said, a phrase which he could not help 
feeling was unsatisfactory. “In any case, /, at least am inno- 
cent of any crime.” 

“Except,” said Valmiki, “that of being handsome, gener- 
ous, and a loving son, and of having a devoted wife and a 
faithful brother. I wonder that they let you escape with 
your life.” 

“Then you know Ayoda.^” said Rama, and once again 
felt that there were better replies. 

“Yes,” said the other. “I am also an exile from your city. 

59 



RAMA RETOLD 


My name is Valmiki. I, on the other hand, committed four 
thousand crimes, each of them without a single professional 
flaw. Go and fetch the lady, your wife, and His Highness 
your brother. I will go in and make the house ready to 
receive you.” 

Rama bowed hastily, full of the gravest doubts. He 
returned to the road that led to the hermitage. He found his 
wife sitting in a dispirited manner on the root of a tree and 
his younger brother leaning wearily on a spear. As Rama 
approached, his brother straightened; he gave his sister-in- 
law an encouraging pat and his own large moustaches an 
upward twist. “Here he comes,” he said to the woman. “We 
shall soon be able to rest ourselves.” But when he asked his 
brother if he had found shelter Rama shook his head. 

“No, Luxmun,” he said. “I do not think so.” He looked 
at his wife with great gravity. 

“Has he turned us away.^” she said, and she pushed the 
hood of her sari from her forehead and sighed. The sun, 
although it was late afternoon, was still very hot and they 
had walked many miles that day. 

“That is the difficulty, Sita,” said Rama. “He has made 
us very welcome. As for me, I wouldn’t mind taking the risk 
and spending a night there . . .” 

“Risk, eW” said Luxmun, eagerly. He shifted his grip on 
his spear. 

“But I cannot allow you to do so.” 

Sita lowered her head in obedience; such, the Brahmins 
taught, was her duty as a wife. She also determined that 
come what may, she would sleep in the hermitage that night. 
This was her duty to herself as a woman, about which the 
Brahmins taught nothing because they knew nothing. 

“The man’s name,” said Rama, “is Valmiki. I remembe- 
being told by one of my instructors that he was a mur- 
derer.” 

Sita raised her face in alarm at this, and even Luxmun 
showed uneasiness. 

“Yes,” said Rama, “I was told that he killed a Brahmin.” 
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“Oh,” said Sita, calm again, “that is a very terrible thing 
to do, of course.” 

“Of course,” said Luxmun, once more resting easily on 
his spear, “But then none of us is a Brahmin.” 

“And I have very sore feet,” added Sita. 

“He says,” went on Rama, “that he has committed four 
thousand other crimes.” 

“That is a very large number,” said Sita. “The surprising 
thing is that he has been able to keep count of them. I think 
I should be more frightened of a man who had committed 
one crime than a man who says he has done four thousand.” 

“Besides,” said Luxmun, “they are probably old woman’s 
crimes, like not finishing his prayers. These hermits grow 
very odd in their ways.” 

“And,” said Sita, “I do not think I could walk any 
further, unless you ordered me to do so.” 

“Perhaps we could try some of the other houses,” said 
Luxmun, “but since I can see him waiting at the door, he 
might be offended if we did and lay a curse on us. In fact, 
I think he will curse us in any case if we keep him waiting 
much longer.” 

“And I was always told,” said Sita, “that a hermit’s curse 
was a very awful thing. So perhaps we had better say a 
prayer for the Brahmin he killed and hope he soon gets out 
of hell, although of course being a Brahmin he wouldn’t be 
in hell, and go at once.” 

Rama, who as the eldest of the parly, felt his responsi- 
bility for them, hesitated. 

“I think,” he said, “I remember being told by a Brahmin 
that this Valmiki was a poet.” 

“Very well,” said Sita, “if he starts talking poetry I shall 
get up and leave the room.” 

“And I shall hit him once or twice with the blunt end of 
my spear,” said Luxmun. “So that is all settled. Brother, 
please lead the way.” 

Rama did so, and Luxmun followed one pace behind and 
Sita five paces, according to the rules of propriety that their 
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Brahminical tutors had impressed upon them when they 
were little children. According to these rules, no-one could 
walk side by side with a prince, unless he were a Brahmin. 

They eyed Valmiki cautiously as he made them welcome, 
but for a criminal he was very well-mannered. He led them 
to a clean bare room where a boy waited with bowls of 
water, and when they were seated on mats of dried palm 
leaves, the boy washed their feet, not keeping his eyes on the 
ground while he tended them as he should have done (being, 
according to the Brahmins, an inferior being) but looking 
them in their faces, and even speaking to them. 

The impertinent boy then served the meal, which was 
a simple preparation of fruits and vegetables. This, at least, 
was proper for a hermit, and they began to eat freely. 
Valmiki’s way of saying grace was, however, very much his 
own. The grace that the Brahmins said for Rama in his 
palace before joining him in his meals, was long, sonorous, 
and thanked a battery of gods by name for their favours. 
Valmiki said: 

“Gods in your heaven grant that we eat this meal remem- 
bering that we may die this very night and never taste such 
good things again. Sweet gods, fatten the pumpkins. I’ve 
done all I know and just look at them. So be it.” 

Nothing very much was said during the meal, Valmiki’s 
attempts at conversation were turned aside by his guests. It 
was not etiquette for a prince to speak at mealtimes and the 
habit of silence had become too strong for any of them to 
break it, even in exile. The etiquette of the Court had been 
drawn up during the reign of a king who not only did not 
speak at mealtimes, but spoke hardly ever between them, for 
the reason that he had nothing whatever to say. The Chan- 
cellor, who had governed the Kingdom and amassed an 
enormous fortune in doing so, established this taciturnity 
as a Court rule. The rule had been maintained and now the 
custom that had been designed to cover the ignorance of one 
king was held to be essential to the dignity of his successors. 
Since it is as difficult to stop making rules as it is to stop 
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eating almonds, once having started, the King and the royal 
family were soon surrounded by so many ceremonies that 
a theory was necessary to account for it. Several learned 
Brahmins set to work at it and thus arose the doctrine that 
monarchy was a divine institution. This was satisfactory 
and reasonable, since the gods, by definition, are capable of 
anything. The meal, then, proceeded in silence. 

When the lamps were brought in, this silence was broken 
by the sound of music. The music came from outside the 
house. Rama looked up from the banana leaf on which were 
the remains of his meal, and his face showed astonishment 
and displeasure. This was because the musicians outside 
were playing the wrong tune for the time of day. 

Music, of course, started with people singing and in more 
barbarous days people had sung when and what they 
pleased. With the progress of civilisation they had been put 
in order and the principles of good taste had been estab- 
lished. A celebrated Brahmin analysed all the melodies which 
he heard people sing and found that there were exactly 
twenty-four, a number which was later revised by an equally 
celebrated Brahmin, who found that there were exactly 
forty-eight. It was found, also, that the commonest cowherd 
knew all twenty-four (or forty-eight) often as well and 
sometimes better than the most learned musicologist. 
Plainly there was a flaw in this, and it was soon brought to 
light. The first of the celebrated Brahmins found that where 
the cowherd differed from the Brahmin was that he sang as 
his vulgar spirit moved him. More cultivated people, how- 
ever, ought to sing the tune most suitable for the mood of 
the hour. From this it was only a step — or, better, a happy 
skip — to drawing up a list of the twenty-four tunes arranged 
according to the twenty-four hours. (The second Brahmin 
later arranged the tunes for the half-hours, but agreed with 
his predecessor in his fundamental principles.) 

This settled, the way was clear to make a rule that people 
of good taste would sing or listen to the prescribed tune at 
the prescribed hour and to nothing else. This being the most 
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extravagant absurdity, it followed inevitably that the gods 
were called upon to support it, which (according to the 
Brahmins) they did. The gods announced that they were 
only pleased by certain sorts of music and that all other 
music offended them. These sorts were listed by the Brah- 
mins. Very soon a literature grew up round the subject and 
then another literature explaining the first. Among men 
of taste and fashion it was considered essential to have a 
nodding acquaintance with this immense compilation of 
criticism, and the habit of listening to a good tune and 
enjoying it died out. Instead a musical performance became 
a desperate business in which both the listeners and per- 
formers tried to display their erudition. The resulting music 
was offensively bad, but since nobody expected to enjoy it, 
nobody was disappointed. The sounds that Rama now 
heard were tuneful, happy, and wrong. 

At this point a peasant woman came into the room and 
after saluting Valmiki, she took Sita away to help her pre- 
pare for the night. Sita touched her husband’s sandals, as 
good manners prescribed, and left silently, as became a 
woman. But all this took time and the music outside 
changed before Rama could protest. This new melody was 
not one of the forty-eight — a thing which was strictly 
speaking impossible. Rama said so, as they moved out to 
sit on the porch of the house to feel the cool air of the 
evening. 

Valmiki said nothing in reply to this, but sat for a while 
listening to the music. Some of the hermits had gathered 
under the tree, squatting by the grey columns of the aerial 
roots and looking towards two of their company who sat 
with their backs against the bole. One of these two men had 
a zither with a great number of strings which he plucked 
rapidly, making a humming music, the melody of which was 
subtle and long, its shape emerging from the deeper notes 
and then retreating again, like an iridescent snake glimpsed 
in long grass. The other man was singing. To follow such 
a melody demanded prolonged control of the breath, and 
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this he achieved by moving his hands and arms, expanding 
and deflating his chest as he did so, but unobtrusively, since 
he matched his gestures to the meaning of the words, point- 
ing the phrases, and illustrating the meaning in a ceaseless 
weaving of his bare arms and his brown hands. Behind him 
the river lay silver in the last short light of the evening, and 
black canoes, slowed by their paddling crews to catch some- 
thing of the song, passed behind him and so out of sight 
round the bend of the river, where Rama could see the 
paddles rise, drip, and plunge again, in rhythm with the 
singing. On the river’s far bank, the forest was already dark, 
and fireflies had begun to dance in pyramids above some of 
the trees. 

Then the last light faded from the sky and in a matter of 
minutes it was quite dark, Avith the sudden soft darkness of 
the tropics. The singer and the zither player ended their 
song, whether because they had reached its end or because 
of the darkness it was diflicult to say, for the melody found 
no resolution, the last note thinly aspiring like the finial of 
a tree. A servant walked towards the tree carrying a tray of 
earthen lamps, which the listeners placed in a semi-circle at 
the feet of the singers. Rama used this pause to say: 

“I am surprised that a poet- — an artist — like yourself 
should not find such music objectionable. I mean, at this 
time of day — or for that matter, at any time. I don’t recog- 
nise the tune at all.” 

Valmiki’s boy came on to the porch, carrying a tray with 
four lit lamps which he placed in brackets on the wall of the 
hut. ValmiH watched him do this before he answered Rama, 
and Rama saw by the light of the lamp that Valmiki’s face 
was creased in his disconcerting grin. 

“It is strange,” thought Rama to himself, “that I, a 
prince of the blood royal, should sit here in the forest talk- 
ing about music to a man who has murdered a Brahmin — 
although it is difficult to imagine him doing it — and who 
admits to four thousand other crimes. But it is the will of 
the gods.” 
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Luxmun for his part, thought, “I am glad he’s brought 
the lights. A man can see what he’s at if any trouble blows 
up. There is my spear leaning in the comer, the left-hand 
corner. Although I must say this fellow seems amiable 
enough. Still my brother says he is a dangerous man and 
what my brother says is right.” 

The boy turned to go, but Valmiki said, “Wait.” The 
boy obeyed, standing in an unembarrassed way, looking at 
his master. Valmiki said to Rama: 

“Have you ever seen the sea.'*” 

“The sea.^” said Rama and felt with some resentment that 
this dubious man had a knack of suddenly making him feel 
young just when he thought himself most mature. “No. 
You mean the Great Water.? No, I have not seen it. But of 
course my tutors have fully described it to me. It resembles 
green glass. It is inhabited by a race of men and women 
whose lower bodies are fishes’ tails, a punishment for their 
having refused to give a Brahmin the best piece of fish when 
he was eating with them in some previous life.” 

The shadows in the lines beside Valmiki’s mouth grew 
deeper. 

“I have seen it,” he said. “Before I came here I wandered 
over most of our land and I spent some time among fisher- 
men in a village by the sea. No doubt if the Brahmins say 
so, then the sea must be inhabited by men with tails. 
I never saw one. But I saw something which struck me as 
much more marvellous. 

“What was that.?” said Rama and Luxmun together. 

“Look,” said Valmiki, and pointed to the waiting boy. 
“Do you see what he wears in his ear.?” 

The boy smiled at the Prince in a manner which would 
have earned him prison for insolence in Ayoda, and turned 
his head so that they could see two pieces of curiously 
shaped pink stone that hung in the lobes of his ears. 
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The Conspiracy Revealed 

“r I 1 HAT stone,” said Valmiki, “is made by an insect no 
I bigger than the smallest gnat. It lives in the sea. It 

J. ■ builds itself a small crooked house, and other insects 
build houses on top of it. They go on building, year after 
year, in shapes more and more fantastic, until they have 
built a hill. They go on building upon the hill until they 
have built a cliff. Then they build on the cliff until it rises 
out of the sea, and the water which once had been smooth — 
not as smooth perhaps as green glass — but still, smooth, 
now breaks into white foam that roars continuously against 
the innumerable pink houses of the little insect. 

“I think I remember hearing something of the sort,” 
Rama began, but Luxmun, round-eyed, better expressed 
his brother’s feelings. 

“How extraordinary,” he said. “A cliff.'* How long does 
it take.?” 

“I have no means of knowing,” said Valmiki. “I was not 
there long enough to see a house built. I went on my travels 
again and I saw many other things perhaps just as curious. 
I saw a judge order one man to be fined a silver rupee and 
another man to be mercilessly flogged, both for the same 
offence. And what was marvellous was that everybody, 
including the flogged man, thought it was just. It was the 
law of the land that a man of darker skin should be punished 
more severely than a man more pale than he. This, they 
proved, was bound up with the origins of the world. It is an 
interesting proof but I shall not repeat it for the first part of 
the exposition alone takes two hours. Then I went on a 
journey into the western lands where the men are all pale 
and of extreme refinement. I found a vast building inhabited 
by men who had castrated the.mselves in honour of a goddess 
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who lived, they said, in a black stone which smelt abomin- 
ably of the rancid oil which they poured on it every hour of 
the day and night. They accompanied their worship with 
hymns which they sang in high cracked voices. In one part 
of the building was a long room at which twenty men 
worked at desks continuously inscribing diatribes against 
men who were physically complete and made use of their 
advantage in the customary manner. Nobody in the King- 
dom could aspire to being considered a learned man unless 
he was willing to make the same sacrifice as these devotees. 
One man, who claimed to have invented a method of 
measuring the area of curved surfaces — I cannot say if he 
had really done it or not — was refused a hearing on the 
grounds that he had raised a family of five children and was 
therefore no scholar. They showed me a catalogue of their 
writings which already runs to a room full of scrolls. It is 
not complete and never will be, for dissertations are pro- 
duced more quickly than they can be listed, since the cata- 
loguers are themselves writing dissertations, on the proper 
principles of listing dissertations. My mind began to ache 
after a short sojourn among these people and I passed on to 
a country which lies beyond the Hindu Kush. There I talked 
across a small boundary stream to an old man who w^as 
voluble in the praises of his native land in which he had not 
set foot for thirty-seven years. The little stream over which 
we talked was the boundary of the country. Thirty-seven 
years before he had gone across it on a journey. While he 
was away, an enemy laid information against him, and his 
return was forbidden until the magistrates had decided upon 
his case. The enemy had said that the absent man had once 
disagreed when someone had declared in his presence that 
the King’s second daughter was the most beautiful womar 
in the world. The unfortunate man, through his repre'^^ent- 
atives, denied that he had ever said it, or, if he had, then it 
was not sufficient ground to separate him from his home, his 
friends, and such fortune as he might have after paying his 
legal expenses. The case became celebrated. Each magis- 
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trate upheld a different opinion and in a few years candidates 
for the office of justice were required to produce opinions 
of their own. Meantime the man was ruined, his wife died 
from vexation at having to live in a hut on a river-bank, 
and the Princess who had been the cause of the matter at the 
age of twenty-two became a mature woman. When I saw her 
she was beak-nosed, rheumy eyed, and had developed a 
formidable and hairy wart on her right cheek. For all that, 
the man himself and everybody that I met were immensely 
proud of the way things had been done. It proved, they all 
said, how careful their government was to protect the free- 
dom of the subject. The scrolls recording the various 
opinions were of the finest vellum, tied up with red tassels, 
and a copy of each one was always sent to the man across 
the river, who, having heaped them conveniently, sat on 
them, since he had sold all his furniture to fight his case. 

“Now,” said Valmiki, “when I returned from my travels 
in other countries and I settled here to think about them, it 
seemed to me that I had made one discovery. I had found 
that clever men greatly resemble the insect that made the 
earrings in my servant’s ear. They vnll elaborate vast struc- 
tures of thoughts from their very nature. They cannot stop, 
even though the thing they are building is senseless. They 
must go on. And we must live in the nooks and crannies of 
their aimless building, and sometimes be imprisoned in it, 
as they work, endlessly, surrounding us, closing our escapes, 
until we live and die a part of the gigantic folly, as blind and 
in as deep a darkness as its frantic builders.” 

While he had been speaking lights had appeared in many of 
the other huts, while die lamps under the tree where the 
musicians sat shone more brightly. The sound of talking 
and laughter came through the still air, with the echo that is 
not an echo, but an underlining, an enrichment of the sound, 
that marks the tropical night. 

Prince Rama had listened to Valmiki with great atten- 
tionf He had been thought an admirable student in his 
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youth; that is to say, he had developed the habit of listening 
with the appearance of pleasure to long speeches from 
elderly men, whom he never interrupted. As Valmiki had 
progressed Rama grew more and more at a loss to discover 
what he meant, but the less Rama understood the more 
profound grew his attention. He was therefore caught quite 
defenceless when Valmiki turned to him at the end of his 
speech and said: 

“So you see that a man with ideas like mine might very 
well have killed a Brahmin and eaten a hearty meal to top 
it off.” 

Rama blushed and the carriage of his handsome head lost 
a little of its nobility. He had been thinking this very thing. 

“Did — did you kill him.?” asked Luxmun. 

“What would be the use of killing one Brahmin.?” asked 
Valmiki in return. 

Luxmun, to Rama’s surprise, and not a little to Valmiki’s 
said: 

“Yes. I quite see what you mean.” He nodded his head 
sagely and stroked his moustache, a sign that his mind was 
running on his military career. “When I was just about to 
engage the King of Magada’s forces on the morning of the 
Battle of Tamralipti I was on the end of the line and we 
opened the engagement — not that we didn’t have to finish 
it as well, for Raja Bhuma — he was in charge of the ele- 
phants — lost his head completely and charged off the field 
in the wrong direction just when we had tliem in the 
hollow of our hands — blaming it of course on to the ele- 
phants, though I said then and I say now an elephant’s 
toenail knows more about fighting than Bhuma’s will ever 
learn — so he left it to us, as I was saying — what was I say- 
ing.? Oh, yes. In the morning when we were just about to 
engage I said to myself, ‘Suppose I kill one man, or two, or 
three, or four this morning, what difference will it make to 
that trampling herd — the enemy I meant. Fright, you see. 
Pure fright. When they sounded the conch shell, in I went, 
still frightened out of my wits and then — clang — got my 
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mace on one of their helmets and down he went, then — 
clang — I got another and then, well, I laid out eight before 
I got my second wind and that was just the beginning. But 
that’s what I mean you see, you’ve just got to make a begin- 
ning and what I always say is — correct me if I’m wrong — 
but you begin with number one and let number two, three, 
four, and so on take care of themselves. It’s like that with 
your Brahmin, or,” he said, catching his elder brother’s eye, 
“perhaps it isn’t.” 

“No,” said Valmiki, smiling at him, “I am afraid that it 
isn’t. You see, I have not even started with number one.” 

“Then you did not kill a Brahmin.^” said Rama. 

“On the contrary,” said Valmiki, “I have committed a 
much worse sin. I have made, I fancy, one or two of them 
immortal.” 

The zither player sounded a new melody and this was 
greeted with murmurs of approval from his small audience. 
One or two of them could be seen to turn towards Valmiki’s 
house as the zither played. Valmiki said: 

“Now, if you are not too tired, I would like you to hear 
some of my four thousand other crimes. I fear that they 
must be very good or I would not be sitting here in the 
middle of the jungle as I am.” 

Rama, quite mystified, was about to ask him to explain 
when the singer began the Song of the Parrot. It did not tell 
of the conspiracy in all its details — Valmiki did not know 
them all till many years later, when he put them in and, 
later still, the Brahmins cut them out — ^but it told enough to 
bring Luxmun to his feet in anger before half the song was 
done. Sita, hearing the song through the thin walls of the 
hut, came to a window and listened. She, too, grew angry, 
especially at that part which told of the pastry cook: for 
tlieir conversation was an invention of his: she had done no 
more than thank him and give him money. 

As for Rama, he listened unmoving, but, as the narrative 
drew to its close, he took his gaze away from the singers and 
looked fixedly at the ground. 
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When the song was done, he said, in the silence that 
followed: 

“That is a most ingenious invention. I congratulate 
you.’* 

“I wish it were an invention,” said Valmiki. “I would 
think myself even cleverer than I do.” 

“Then it’s all true.^” said Luxmun. 

“As far as it goes,” Valmiki replied. “Yes, it is true.” 

“You are very well informed,” said Rama, “considering 
you are an exile.” 

Valmiki said: 

“Very.” 

Then he called a name and two people came towards the 
hut from the banyan tree. The other hermits fell silent and 
watched them. When they came up to the place where Rama 
was seated, they slowly kneeled and then touched the 
ground with their foreheads. By the light of the lamps Rama 
saw that they were the old man and his wife whose son the 
King his father had killed. 

“You know who they are?” said Valmiki. 

“Yes.” 

“Then you must forgive them. They have been very 
unfortunate and they cannot be blamed. On the night before 
the King held his audience, they were taken, by his orders, 
by two torturers and . . 

Rama got up. For all his simplicity he had the authority 
of a prince when he chose to show it, as he did now. Valmiki 
fell silent. 

Rama went to the old man and the old woman and raised 
them gently, saluting each of them, the first in the fashion 
of a son saluting his father, the second with the reverence 
of a son greeting his mother. 

“You were made to lie?” he asked them. 

The old man said, his voice shaking, “They did not hurt 
us. They showed us their ropes and whips. They showed us 
the blood on the floor and told us it was from a servant who 
had just received an hour’s punishment for disobeying the 
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King. We are very old. We were very frightened. My wife 
vomited. So we lied as we were told.” 

“Then you never bound the King to a vow.^” 

The woman said: 

“We have never done a cruel thing in our life. I do not 
know why people are so cruel to us. We forgave the King 
that night and we were happy when he built a temple. He 
left iis in peace for years until one day we were dragged to 
his court because he wanted . . Her old voice was rising 
in anger, but her husband bade her be quiet. 

“We ran away, when Your Highness left,” he said, “and 
they chased us through the woods and shot arrows. But we 
escaped and his Reverence here, Valmiki, gave us shelter. 
We were frigliiened when we saw you speaking to him, but 
he sent a message to us in the evening that you were a good 
man — may Your Highness excuse the phrase — and we were 
not to be afraid.” 

Rama stood for a moment quite still. Then he stooped 
swiftly and lightly touched the feet of first the man and then 
the woman. 

“Forgive me,” he said. “I am not a good man. But I think 
I am a very great fool.” 

He walked quickly away into the darkness. After a while 
Luxmun took his spear and followed him, pausing to whis- 
per a word to Sita as she stood at her window. 

Valmiki sent the two old people away with a kind good- 
night. He then sat staring into the darkness until the hermits 
had gone back to their liuts and the singers were asleep. The 
boy, sleepily looking to the lamps an hour later, saw that he 
had not moved: and that he was not smiling. 
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The Tale of the Passionate Ascetic 
and the Hidden Wife 

W HEN Rama set out for his night’s walk in the sur- 
rounding jungle, he had intended to review his 
life, but he discovered like most young men that 
he had never taken any notice of it. He had lived happily, 
but inattentively. He had knowm that the Court was full of 
intrigue: he had seen men rise and fall and be destroyed 
because of it. But he had never considered that intrigue 
could have anything to do with himself, because he could 
not imagine anybody disliking him in so marked a fashion. 

As he walked he reflected that he had always aimed to 
win golden opinions from his elders and betters. He leaned 
against a teak tree and recalled that he had always got them. 
He sat down and decided that that must have been the cause 
of the trouble. He rose, very considerably wiser than when 
he had sat down. 

Meanwhile Luxmun from a discreet distance kept a watch 
for beasts of prey. 

Some two hours later he had walked out of the forest into 
a small plantation. It was three o’clock in the morning and 
Rama felt deeply sorry for himself. He sat down again and 
putting his face in his hands, wept for his folly. 

Luxmun, in a discreet voice, offered him some mangoes. 
Rama ate one and sighed. Luxmun peeled another wdth hi 
hunting-knife and Rama ate it, absentmindedly. Luxmui 
peeled yet another intending to eat it himself, but Ram« 
took it, thanked him, and consumed it. They ate about ; 
dozen and the moon rose. Rama attempted to resume the 
thread of his melancholy thoughts, but Luxmun was crack- 
ing the great mango pips to find if they had beetles in them. 
This is an idle Indian pastime, the interest lying in the fac' 

74 



THE TALES OF VALMIKI 

that the weevil is found only in a small proportion of the 
fruit (which it enteis in the blossom stage) and one can lay 
bets. Rama laid bets, won, and felt much inspirited. 

However, when the first light of morning began to turn 
the river pale, he reminded himself that the new day would 
be very different from those that had gone before. He had 
been stripped of many illusions and one of them was that 
he had cut a fine figure by going into exile. 

When the sun was just about to rise Rama looked at the 
world of men and found it distasteful. He walked somewhat 
apart from Luxmun and after a while he came to his decision. 

He would finally renounce the world, and as a mark of 
his new-found maturity, he would ask Valmiki, the heretical 
exile and despiser of Brahmins, to invest him with the 
saffron robe. Thus, he felt, he would regain his self-respect 
and the respect of the world which (he reminded himself) 
was nevertheless a despicable one. 

He said to Luxmun: 

“Let us go back.” 

He woke Sita, who was dozing fitfully beside the win- 
dow. He said: 

“Where is the hermit’s robe.^” 

She dutifully repressed her joy at seeing him return safe 
and sound, and stifling a yawn said: 

“In the bundle.” 

She produced it and a few minutes later she and Luxmun 
heard with utter dismay that Rama was going to send them 
back to Ayoda. 

gin die hour that remained before Rama fell asleep from 
fiweariness, he explained to them that chastity was the first 
ii-equisite of the true renouncer of the world. In this matter 
die would brook no argument, but quoted, in a melodious 
'voice, several stanzas of a celebrated work on self-restraint 
•and its spiritual joys. He felt, and looked, very much his 
.old self. 

He told his wife that although she disliked leaving him 
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now, she would not later on, when she came to reflect oi> 
the austerities he would practise and how difHcult they 
would have made her life with him. The indignant Luxmun 
he tried to soothe by explaining that someone would have 
to take Sita back to civilisation. That done, he did not object 
to Luxmun returning, but he thought the life not one for a 
soldier. 

Then, overcome, he lay on Sita’s bed and fell into a 
dreamless sleep. 

Valmiki was looking sadly at his meagre pumpkins, a 
thing he did on rising every morning, when Luxmun and 
Sita climbed on to his terrace and saluted him. He showed 
them his garden and listened to their story. Sita felt that he 
was more interested in his seedlings than her troubles, and 
in competition with them, spoke out more than she had 
ever dared in her life. 

When, in the still hour that follows eleven o’clock, Rama 
came to Valmiki with his hermit’s robe on his arm and 
without his hunter’s quiver, he found the poet sitting on the 
root of a carob tree. Valmiki invited Rama to sit beside 
him and directed his attention to the magnificence of the 
view that lay spread out at their feet. Rama looked at the 
river, the forest, and the peaceful hermitage and said, to 
open the conversation which Valmiki was giving him no 
opportunity to begin: 

“For myself I shall choose a hermitage which is more 
austere.” 

“Which would you prefer,” said Valmiki, “the desert? 
That is extremely trying,! believe. Or perhaps snow and ice?” 

“Snow and ice,” said Rama sharply, because he had seen 
the smile deepen on Valmiki’s face. 

“A good choice. They are very cooling to the fleshly 
passions, I am told.” And here he began to quote verses 
from the poem in praise of chastity that Rama had recited 
the night before. 

“I greatly admire the author of those verses,” said Rama, 
and he shook out the folds of his gown and cleared his throat. 
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“His real name was Kumar,” said Valmiki, “I suppose 
that you never knew him. No, you would have been too 
young. But if you like — and there is nothing else to do at 
this hour which is very inauspicious for beginning any 
important action — I will tell you about liim.” 

“Do,” said Rama, “I shall be glad to hear anything about 
so virtuous a man.” So, moving his seat a little so as to be 
in the shade of the thickest branch of the carob tree, Valmiki 
began: 

In his prime (said Valmiki) as a preacher, Kumar was the 
best known spell-binder north of the Vindhya mountains. 
He travelled the whole country calling upon the population 
to renounce the vanities of this life and to live in holy 
simplicity. Kumar himself was not very holy and he was 
the reverse of simple. But he did sincerely think that a life 
of renunciation would be better for everybody, including 
himself: and, to do credit to his honesty, he never said that 
a life of self-denial was easy. 

Most hermits live hard lives in their hermitages and taste 
tlie flesh-pots of the world only when they come out of 
them. Kumar reversed this. He lived rather comfortably in 
his hermitage, where nobody saw him, and he lived with 
gaunt austerity in places where he was more under observa- 
tion. By this means he managed to be publicly edifying and 
personally sound in wind and limb. If his tall, half-naked 
figure showed rather fewer bones than it ought, it did not 
matter. His fascination lay in his eyes which were large, 
black, and always burning. 

It was these eyes which won him his principal admirer. 
This was Govinda, by far the richest cloth merchant of 
Ayoda, who had in the way of wealth and terrestrial com- 
forts more to renounce than any other member of his caste. 
He had grown in girth and weight step by step with his 
business; by the time he met Kumar his warehouse and his 
cummerbund were the most impressive sights in Ayoda after 
the royal palace and the main temple. 
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Hearing Kumar preach one day on the temple steps (for 
the Brahmins would not allow him to preach inside) the 
cloth merchant was converted the moment that Kumar ran 
his burning eyes first over Govinda’s belly and then over 
his face. He asked Kumar to take a meal with him and when 
Kumar had eaten it he told the ascetic that he had made up 
his mind to give all his worldly wealth to the poor and to 
join Kumar in his hermitage. 

Kumar surveyed the remains of the sumptuous meal with 
his burning eyes, dabbled his fingers in a silver bowl of 
rosewater, and picked his teeth with a jewelled toothpick 
that had a most amusing little set of miniature gold bells 
attached to it so that it tinkled as it was used. Kumar pro- 
duced a lengthy tinkling before he answered. 

Then he said this: 

“Good. God be praised. Honour and glory to Shiva, lord 
of ascetics for another saved soul. But, my friend, I must 
warn you that the path is far from easy.” 

“No, I don’t suppose that it is,” said Govinda, “but I 
am used to doing difficult things. Still, I suppose it will at 
least be easier to give away my fortune to my poorer neigh- 
bours than it was to make it.” 

Kumar thought of all the good things around him dis- 
appearing, as, so to speak, he set them to his lips, like a fairy 
feast. His heart jumped, his palate went dry, and he took 
a long draught of sherbert from a bronze cup with silver 
inlay work. He thought quickly. He looked at his host over 
the brim of the cup. The men who lead us upward to higher 
things share one gift with those who lead us downward. 
They are good judges of character. 

“There are harder things to give up than money,” he 
said. 

“Name them, master.” 

“For one,” said Kumar. “Women.” 

“At my age,” said Govinda, “such pleasures are not 
important.” 

Kumar shook his head. 
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* “Nobody can make that remark truthfully,” he said in 
his best oracular manner, “over the age of fourteen.” 

Govinda smiled. 

“1 don’t deny that it has had its attractions for me,” he 
said. He gave a reminiscent belch. “But with your example 
in front of me, I shall rise above it.” 

Kumar politely echoed his host’s belch. Kumar’s belch 
was non-committal. 

“You are married, of course.^” he asked. 

Govinda clapped his hands. He was a very respectable 
merchant and in his circle wives did not eat with their hus- 
bands, but stayed in the kitchen or near it to supervise the 
dishes. He instructed a bowing servant to call his wife into 
his presence. 

She came. She was swathed in a sari of lustrous Chinese 
silk tinted with a soft Phoenician dye. It was bordered six 
inches deep with a pattern of gold thread and the wing- 
cases of iridescent beetles. She held the head-fold of her 
sari closely across her face and kept her head bowed and 
her feet together as she stood before her husband. She was 
the very picture of a good wife of a substantial merchant. 

Kumar greeted her. She did not reply until her husband 
said: ^ 

“This is a learned holy man who is a master of wisdom. 
His name is Kumar. May it be always pronounced with 
reverence in this household. You may show your face.” 

She did, and the master of wisdom instantly succumbed 
to her charms. 

“For a long time,” said Govinda, to his wife, “I have 
thought that life held something bigger and finer than selling 
pieces of cloth. Master Kumar has shown me that it is. Do 
you understand?” 

His wife lowered her eyelids respectfully. She inclined 
her head obediently. She parted her classical full lips to show 
her perfect teeth. 

“No,” she said. 

“It is difficult to explain to a woman,” said Govinda. 
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jvertheless we should try,” said Kumar. “Women 

“Ntfh a grave temptation, are God’s creatures.” And 
althou^^hanked God in his heart that He had made this one. 
Kumar t J',” he went on, “that I shall experience a sudden 
“It maybeagainst everything human and stay in my her- 
revulsion : some ten years or so. I feel that it might happen, 
mitage frdoes not, and I come again to Ayoda, I should 
But if itit my duty to instruct your wife in the principles of 
considerig.” 

holy livio,” said Govinda, “and I shall be doubly in your 

“D^Jover your face and go.” This last was to his wife, 
debt jvered her face slowly, her features disappearing one 
Sb'One, each indelibly printed on Kumar’s memory. She 
uowed deeply to her husband, revealing the magnificence 
of her haunches, and she left. 

For Govinda to have mentioned his wife again would 
have been impolite and for Kumar it would have been in- 
cautious. It was taken for granted between the two men that 
Govinda’s wife would do as he wanted, and the conversation 
turned back to the path of reunciation and its pitfalls. When 
at last they rose, and bid each other goodnight (for Kumar 
had agreed to sleep under Govinda’s roof instead of under 
the open sky as he would have preferred — he said — to do) 
Kumar delivered a final argument against any hasty action 
on Govinda’s part. 

“Now you said that you intend to give away your 
money.” 

“I did,” said Govinda. 

“To the local poor, I understand,” said Kumar. 

“With your approval,” said Govinda. 

“Of course it has my approval,” said Kumar impatiently, 
“of course, of course, of course. It is naturally pleasing to the 
gods that you should give to the poor. You will earn merit." 

“So I had hoped,” said Govinda and since they had 
reached the guest chamber, he added, “There are four lamb- 
skin rugs from Bokhara on the bed and two quilts of swans- 
down. You will want these removed, of course, master?” 
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“Don’t trouble,” said Kumar. “If I sleep at all, I shall 
sleep on the floor. You may leave them in place.” 

“As you wish, master.” 

“As I was saying,” resumed Kumar, as the two men held 
hands in wishing each other goodnight, “to give to the poor 
will gain you merit. Now it follows that to give more to the 
poor will gain you more merit. It follows, again, that if you 
delay your action, as I advise, on spiritual grounds, you will 
go oil making more money in the meanwhile, and so you 
will have more to give away when the time comes. More 
haste, less merit. Does my reasoning satisfy you?” 

“Eminently, master,” said Govinda. Both men at that 
moment breaking into a simultaneous yawn, they parted. 
Kumar, having ascertained that it would be a moment’s 
work in the morning to put the coverlets straight, flung 
himself down on the Bokhara’s and dreamed of his host’s 
wife. 

Kumar returned to his hermitage the next day, greatly im- 
pressing Govinda with his self-abnegation. His disgust with 
humanity lasted seventy-two hours and to Govinda’s great 
delight, he once more appeared in Ayoda, preached, and was 
borne off to Govinda’s liouse. When they had finished an 
even more sumptuous meal than the first and when it was 
done and both men were tinkling their toothpicks in the 
most companionable manner, Govinda said Kumar had been 
away much too long. Kumar heartily agreed but prudently 
refrained from saying so. Govinda complained that without 
Kumar’s elevating conversation daily life was a grey mono- 
tony. If at the end of the day he had accumulated twenty 
pieces of gold (“Twenty?” said Kumar. “I don’t mean mar- 
ket days,” said Govinda), well, wdiat were twenty pieces of 
gold? Twenty was a small number compared with the In- 
finite; and gold did not shine so bright as the hermit’s 
begging bowl. 

With these sentiments Kumar sagely agreed since they 
had been copied word for word from his morning’s sermon. 
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He waited for Govinda to come to the point. He was well 
satisfied when Govinda did. 

“You mentioned that one of the difficulties in the way of 
renunciation was women,” said Govinda, “and you were, 
as inevitably you must be, right. My wife will not hear of the 
idea.” 

“Let me talk to her,” said Kumar more quickly than he 
could have wished. A new brilliance came into his already 
burning eyes. Govinda noticed it with awe. 

“I see that you anticipated my wife’s stupidity,” said 
Govinda. Kumar anticipated a good deal more, but he 
nodded his head. 

“I saw when I first met her, that she needs instruction. 
Lengthy instruction, I am afraid. She has not got your own 
quick grasp of sublime truths.” 

“For that reason,” said Govinda, smoothly accepting the 
compliment, “I had hoped that you would honour my house 
by making it your home for the rest of the hot weather 
season. I fear for your health in that remote spot where you 
live, especially when the sand-wind is blowing. Thus if you 
condescend, we shall kill two birds with one stone.” 

Kumar accepted, and privately determined to kill three. 

Govinda’s wife received him at their first interview on the 
verandah of the women’s quarters. But the heat increasing 
daily, Kumar suggested that they continued their instruc- 
tion inside. Once inside he was able to get closer to both 
his theme and his pupil. His passions rose higher with every 
meeting, but if he had lost his heart, he kept his head. He 
realised that he had to do with a faithful, if not very loving, 
wife. He decided that it would be impossible to seduce her 
under his host’s roof. He therefore put her under a vow of 
secrecy not to reveal to her husband what he was about to tell 
her, and this settled, he proceeded in the following manner: 

“I have just explained, my dear, the ksana-bhangarada 
doctrine, which as you know says that nothing lasts longer 
than an instant. That, I suppose, is just about the time that 
my explanation stayed in your pretty head.” 
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Govinda’s wife lowered her darkened eyelids, parted her 
classically full lips, showed her faultless teeth and said: 

“Yes.” 

“Very well,” said Kumar, “now I will tell you something 
which will not be beyond your powers of understanding. 
But you must promise never to mention it to your husband. 
Do you promise.^” 

Goyinda’s wife nodded. The jewelled plaque which she 
wore on her forehead bounced in a way which Kumar found 
alluring. 

“Your husband,” he said, “is not really going to renounce 
anything. He is going to give his money to some trust- 
worthy neighbours. Then he is going to desert you, dress 
as a hermit, and then he is going to Benares to live with 
another woman. Once everything has settled down his 
neighbours are going to take the money to him and in 
return for a consideration, give it back to him. He has told 
me that he cannot bear the sight of your face another mo- 
ment. This other woman,” said Kumar relentlessly, “is a 
Kashmiri whose complexion is like that of the tusk of an 
elephant reflecting the rosy dawn.” 

The part of this total lie which pleased Kumar best, as he 
thought over it in the next few days, was the Kashmiri 
woman with the good complexion. The business of the 
tusk and the dawn, showed, he thought, a capacity for poetry 
in him which had been buried in the course of his practice 
as a rhetorician. Had he not had the wife of Govinda to 
love in the flesh, he would have been enamoured, he thought, 
of his own fiction. 

Next, he admired the artistic flourish of asking Govinda’s 
wife not to tell her husband. It was pure ornament. He 
knew quite well that she would tell him and he had already 
prepared his defences. This he had done quite simply by 
telling Govinda that his wife had conceived the silly notion 
that her husband’s renunciation was a mere deceit to enable 
him to live with another woman in Benares. Govinda 
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laughed heartily when he heard this story the first time 
(from Kumar) and even more heartily when he heard it the 
second, from his wife. 

Kumar quickly pointed out to Govinda’s wife that this 
was exactly what her husband might be expected to do. 
She put her face in her hands and cried. Her ornament 
bobbed more alluringly than ever. 

Kumar’s plans went well. Each time Govinda’s wife, spoke 
to her husband he declared that the day of his great renunci- 
ation was nearer. The actual moment awaited the decision 
of Kumar, who, Govinda told her, was a man she should 
listen to, respect and obey. Each time Govinda’s wife spoke 
to Kumar he drew a more detailed picture of the illicit 
household that was to be set up in Benares, and a more 
gloomy picture of the fate of Govinda’s wife, deserted, des- 
pised, a widow without the chance to gain eclat by commit- 
ing suttee. He also enlarged upon the charms of living in a 
hermitage: first, in any hermitage; later, in his own. 

One night he came to the women’s quarters in a feigned 
state of agitation and told her that she must decide. Her 
husband was pressing him to name the day of the renuncia- 
tion and he could not delay any longer. If he refused to give 
a propitious time, Govinda would choose his own, and they 
would gain nothing. There was no alternative. Either she 
fled with him instantly (for he had already warned Govinda 
that he might leave for his hermitage to meditate his de- 
cision) and kept her self-respect, or she would be deserted 
and soon — when the true story was revealed by gossiping 
neighbours — disgraced. 

She fled with him. 
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The Tale of the Hidden Wife continued 

F o R the first few days at the hermitage, Kumar set his 
beautiful disciple a strict regimen of prayer, medita- 
tion and the saying of hymns from the Rig-Veda. She 
obeyed enthusiastically, but this did not worry him. He had 
begun in the same way when he had set up his hermitage 
and he knew she would soon tire of it. So she did, after a 
very few days, and Kumar rejoiced. He had restrained him- 
self as a lover with a fortitude which he had never shown 
as a saint. He was glad that the trial was over, save for 
certain steps which he had had in mind from the very 
beginning. 

Catching her yawning one day, he said: 

“Are you thinking of your husband?’’ 

She screwed up her pretty eyes and set her classic lips. 
“No,” she said, between her flawless teeth, for she was 
still extremely angry whenever his name was mentioned. 

The next day, catching her yawning again while she was 
saying some prayers, he said: 

“You have acquired great merit. You have renounced 
the world and you have renounced your husband. You are 
living a holy and chaste life. But you can acquire still more 
merit. Do you know how?” 

She opened her correctly curved lips in a vaster yawn than 
ever and said: 

“No.” 

“By renouncing the renunciation,” said Kumar. “That 
is the path of ultimate perfection: that is the way of utter- 
most detachment. Now you arc bound. By what are you 
bound? Do not trouble to answer yourself: I will do it for 
you. You are bound by your desire to live a life of renunci- 
ation. This js called spiritual pride. Do you understand? It 
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does not matter if you do not. The next point in my argu- 
ment is the important one. To gain the ultimate merit of 
renouncing the renunciation, you should do something 
which shows that you have a contempt for your own en- 
deavour to be holy. For instance, you could renounce chas- 
tity. Or,” he proceeded with a show of open-mindedness, 
“any other austerity that you would prefer to renounce. Is 
there,” he said, taking her hand and gazing at her with his 
burning eyes, “any other.^” 

She lowered her eyelids, now innocent of paint but not 
less beautiful. She pursed her mouth and looked between her 
lashes at Kumar’s frame which was somewhat too sturdy for 
that of a holy man. 

“No,” she said. 

They retired to an inner room of the hermitage. Kumar 
undressing, recited several verses of great beauty in praise 
of chastity. He added some of his own, extempore, which 
announced that this virtue was about to be abandoned by 
two devotees who wished to show their humility. With that 
he proceeded instantly to embrace her. The versified prelude 
to their enjoyment proved no worse than any of the other 
devices of lovers. The sacrifice, on both their parts, was 
wholehearted. At Kumar’s suggestion to gain further merit 
and to make their humility beyond doubt, they repeated it. 

At Kumar’s suggestion, again, they sacrificed the follow- 
ing afternoon and at Govinda’s wife’s prompting they 
observed the ritual again at night. Kumar was a man beside 
himself with joy. 

In this mood he readily agreed to go to Ayoda and gather 
news of what had happened. Since he had already settled in 
his mind what the news should be, he went with a light 
heart and, as was his custom, an ingenious lie ready on his 
lips. 

He found Govinda in his warehouse. Govinda hastened 
to greet him, but seemed in no hurry to mention his wife. 

“You must forgive me for welcoming you here,” he said, 
bowing deeply, “but a new parcel has arrived from China, 
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of the most wonderful silks. I am disposing of them at a 
handsome price — in accordance with your wishes, of course, 
master. Have you,” he said, and Kumar detected some hesi- 
tation in his manner, “settled on the propitious date for my 
taking up a holy life — beginning it, that is, of course. I do 
not suppose that the thing can be done in a day.” 

“Govinda,” said Kumar with his most solemn voice, “I 
am the bringer of bad news.” 

“There is no propitious date.^” Sciid Govinda, running his 
eyes over his tight-packed shelves. “Well, well. One must 
be resigned to the will of the gods.” 

“Your wife,” said Kumar, “is dead.” 

As Kumar had planned it, the rest of this lie was as tre- 
mendous as the beginning. But his plan went wrong and 
the best parts of the grand lie were never told. Kumar be- 
came quickly aware that Govinda was barely interested. 

“Dead.^” said Govinda. “May she avoid the noose of 
Yama,” he said, a pious expression which meant that he 
hoped she would not be dragged down to the god of Death’s 
grey hell. “She ran away from me, you know.” He flicked 
a bead of the abacus in front of him. “Or perhaps you do 
not know.” 

“I had heard,” said Kumar, with circumspection. 

“She ran away on the night that you went back to your 
heritage. She made fine fools of us both,” he said. “Or per- 
haps it would be more respectful to say that at least she 
made a fool of me.” Govinda flicked several beads along 
their wires with deliberation. “All the time that she was 
accusing me of having a plan to run off to another woman, 
she was planning to run off to another man.” 

“How do you know she ran off to another man.^” said 
Kumar. 

“She was seen in the company of one at the town 
gates. The guard couldn’t swear to the description of the 
man. He bribed them, I suppose. Well, now, dead, you 
sav.^” 
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“Alas, yes,” said Kumar. “Her body was found by the 
holy bathing ghat in the Mother River near the place where 
it leaves this Kingdom. The Brahmins there gave her the 
proper burning ceremony for a wife, I happened to be 
passing there, and they told me of it. They had this. I 
recognised it.” 

He held out the forehead ornament. Tears came to his 
eyes, partly by plan, but partly through the strain of search- 
ing Govinda’s face for some clue to what he was really 
thinking, Govinda gave the ornament a casual glance. 

“Make a present of it to the — Brahmins for their — 
trouble,” he said, pausing between his words and emphasis- 
ing some by a flick of his beads. 

“You take your wife’s death calmly,” said Kumar. 
“What is death but a blessed release.^” he said, in the 
formal phrase. “Of course you will dine with me.^” 

Kumar accepted. The food was delectable but the ban- 
quet was not a success. They discussed philosophy, but 
languidly. Govinda went back to work during the night in 
his warehouse. He was aflable: he was even happy; but 
Kumar could not make him out. Kumar left next morning 
for his hermitage. Govinda bade him a warm farewell; 
Govinda pressed him to come again; Govinda went off to 
his warehouse humming a tune; but for all that, Govinda 
remained a mystery, 

Govinda’s wife bit her classic lips with rage when Kumar, 
on his return to the hermitage (a day and a half’s rough 
journey from Ayoda) broke the news to her that her hus- 
band had fled to Benares. She went for a long and angry 
walk in the surrounding forest, but the forest being thick, 
the weather hot and the hermitage being not v/ithout its 
attractions, she returned in a good temper and suggested to 
Kumar that they once more renounce the renunciation, 
Kumar was weary from his journey and would have pre- 
ferred a bite to eat and a good sound sleep. But Govinda’s 
wife was determined and for that reason more alluring than 
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^et. They embraced several times with all the passion 
'aroused by absence. 

They embraced on the next day, at the suggestion each 
time of Govinda’s wife, this time with all the ardour of 
propinquity. 

They embraced on thirty succeeding days, and, so far as 
Kumar was concerned, on the thirtieth with no ardour at 
all. 

Kumar wearily asked her, on the thirty-first day whether 
she did not think that they had piled up sufficient proof 
that they had no spiritual pride in renunciation. 

Govinda’s wife set her impeccable lips, looked at Kumar 
her curling eyelashes and said: 

“No.” 

She went further, which was most unusual for her. She 
said: 

“As I see it we have to show that we can take it or that 
we can leave it: is that right?” 

“Allowing for your limited choice of words, yes,” said 
, Kumar, holding his aching head. 

“Then we must show that we can leave it.” 

“We must,” agreed Kumar. 

“But we can’t do that unless we take it,” said Govinda’s 
wife. “Is that right?” 

“Allowing for your limited . . .” said Kumar, wearily. 
“Oh, out never mind, never mind,” he finished and allowed 
his head to sink dispiritedly on his chest. 

“Good,” said Govinda’s wife, and placing her arms round 
his neck she kissed him again and again with her irreproach- 
able lips. 

Months passed away in this fashion, and if Kumar found 
b’s hermit’s life monotonous, Govinda’s wife did not. The 
nearest village was two miles away, but her fame as a holy 
woman soon reached there. The villagers flocked to kiss the 
feet of the beautiful hermitess and to have the privilege of 
speaking to her. Their language was simple and so was hers: 
their interests were limited but scarcely more so than those 
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of Govinda's wife. She enjoyed their company and rei/. 
her prestige. 

As for Kumar, his eyes no longer burned. On the " 
occasion when he resumed his preaching, at an obsc\ 
town some twenty miles away, his lacklustre glance, his c*. 
ervated gestures and the fact that he yawned in the midc 
of his sentence caused him to be chased down the street h 
the boys of the town as an impostor. He did not expol 
himself to further indignities. He many times determine 
to go privately to Ayoda but never summoned up the energ 
to face the long walk there and back. He spent his tim^, 
composing a moral poem on the virtues of chastity by whicl 
he hoped the wreck of his ambitions as a preacher might be 
redeemed. He threw great feeling into the verses. 

Now one of the last vestiges of Kumar’s old professior 
which he had retained was the blessing of the spring cara- 
vans. These set out from all over the country at the end o 
the cold weather to make the crossing of the snow moun 
tains far to the north. Their road passed within an hour’i 
gentle walk of the liermitage. In common with many othet 
holy men on the long route to the passes, Kumar would sit 
by the side of the road in springtime, seated on a mat, his 
beads round his neck, his forehead painted with the ver- 
milion signs of his calling and read a devotional book. His 
begging bowl would be in front of him in a conspicuous 
position. The caravan’s master would see him and stop for 
his blessing, if the owner were devout: and he usually was, 
for even the most hard-hearted man’s thoughts turn to 
religion when facing the high passes of the northern barrier. 

Two years or so from the day he had brought Govinda’s 
wife to his hermitage, he was thus seated by the road-si (!« , 
nodding and yawning over his book, when a caravan of 
exceptional magnificence began to approach him along the 
road. 

First came a party of mounted soldiers with bows and 
swords, shouting and running little races on their squat 
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gj ^rses, cursing, laughing, clanking their armour, and every 
, j often taking swigs from leathern bottles which hung 
/om their saddle bows. Their drunkenness proclaimed the 
fgenerosity and wealth of the owner of the caravan. Next 
came a long string of camels, loaded high, so that the camel 
drivers were forced to walk beside their complaining beasts, 
instead of riding, and constantly to adjust the ropes whose 
knots joined in the protest of the animals. After some fifty 
camels all weighed down with merchandise came a company 
of mounted servants, gorgeously arrayed, and most with 
soft leather riding boots from Tibet, richly embroidered 
and all wearing a sash of vermilion silk, the same colour 
as that which streamed from the lance of the horseman who 
rode immediately before their master’s palanquin. 

This was ingeniously slung between two white drome- 
daries, on the necks of which were seated camel-boys in 
dresses of fine cotton and small tight turbans with an orna- 
menting of silver. They guided the dromedaries skilfully, 
making sure that the palanquin, a box of painted bamboo, 
swayed as little as the road would allow. 

The palanquin had silk curtains, and these, when the 
palanquin was exactly opposite Kumar, were sharply drawn 
back. The hand of the owner emerged, and with a snapping 
of thumb and finger, the palanquin was brought to a halt. 
Shouts were relayed to the horsemen in front who reined 
in their mounts and swigged deeply again from their bottles 
as the dust clouds settled on the halted column. 

The owner clapped liis hands, the dromedaries groaned 
and knelt down. The owner got out of the palanquin. He 
came towards Kumar and bowing in the customary manner 
asked through the folds of his dust cloak for a blessing. 
“We go, master,” he said, “to China for silk. Pray for our 
safe return.” 

Kumar raised his hand in benediction and the traveller 
piously unwrapped his cloak to bare his head. 

“Govinda!” said Kumar, trembling with excitement. 

“That is my name,” said the traveller. 
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“And me — don’t you recognise me?” said Kumar. 

Govinda surveyed him carefully. Govinda’s eyes lit. 
Govinda smiled, and his smile grew broader and broader. 

“Kumar,” he said at last. “How the — austerity — of your 
life has changed you. Why did you never come to see me 
since the day you brought me news of my wife’s death?” 
Govinda shook his head in gentle reproach while his smile 
stretched, it seemed, from ear-ring to ear-ring. 

Kumar summoned his last remaining energy. He was 
determined, cost what shame it may, to tell Govinda the 
truth and make him take back his insatiable wife. 

“I have to tell you . . .” he began, but Govinda inter- 
rupted him. 

“You have to tell me gems of priceless wisdom, I do not 
doubt. Can I ever forget how you laid your holy finger on 
my trouble at our very first meeting. I was so desperate that 
I contemplated giving up the world and all my possessions,” 
he said, indicating the caravan with ringed fingers. “All 
this,” he said, “or to be more precise, one-half of this, 
since I have more than doubled my fortune since I have been 
able to put my whole mind to it. But you said that it would 
not be easy . . .” 

“Yes, but . . .” said Kumar, and Govinda bore him down. 

“And it was not. ‘Women’ you said were my trouble 
and you were right in every way except the number of your 
noun. My trouble was singular, not plural, and from the day 
you spoke to me I determined to rid myself of her.” 

“Your wife . . .” shouted Kumar, but his voice was not 
very loud. 

“Had many good points you would say,” said Govinda. 
“That is of course very proper for a man with your charit- 
able view of human beings. But the trouble between us 
was a matter between husband and wife, something,” he 
said, and snorted as though with suppressed laughter, “I 
would blush to even whisper in your sanctified cars. But she 
left me and she is dead. From the day that I was free from 
her how fully I understood your sermon on the dangers of 
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fleshly ties binding us to mundane things. Renunciation! 
That is the sublime doctrine.” With this he wrapped his 
cloak about him, and flinging a chamois bag of money into 
Kumar s begging bowl, returned to his palanquin, clapped 
his hands, and was on his way in a great cloud of dust, 
shouts, cracking of whips and bellowing of camels. 

“Your wife is alive!” screamed Kumar, but no-one heard 
him. 

He was not to be defeated. He knew that the road made a 
great curve to avoid the forest in which his hermitage stood 
and that the caravan would have to climb uphill for some of 
the way. 

Compelling his tottering legs to break into a run, he set 
off for his hermitage. He stumbled as he ran and his breath 
hurt at each beat of his lungs. But despair drove him to do 
wonders and he reached the hermitage without collapsing. 

Yet his appearance was so ghastly that when he seized the 
wrist of Govinda’s wife and glared at her with eyes which 
now burned as they had done in the days of his preaching, 
she dared not resist him, but hearing his order, ‘Come, 
woman. Come with me!’ she obeyed. As Kumar dragged 
her along the forest paths, she once or twice tried to find out 
what had happened. But Kumar had neither the wish nor 
the breath to reply. Thus running, panting, and tripping 
over the roots of the trees, they arrived at last at the road 
as the camels with their high bales were passing by. 

The palanquin drew level with Kumar. Frantically wav- 
ing his free arm (for he kept tight hold of Govinda’s wife) 
Kumar shouted to Govinda to stop. 

Govinda’s hand emerged from the curtain of the palan- 
quin. Govinda’s fingers snapped, and the palanquin halted. 
Kumar dragged Govinda’s wife towards it. 

Govinda put out his head. 

“Look,” said Kumar, his voice cracking with triumph. 
“Your wife!” 

Govinda looked at his wife for a long moment while she, 
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setting her classic lips, muttered, “Elephant’s tusk!” and 
searched with her lustrous eyes the interior of the palanquin 
to detect her husband’s concubine. 

At last Govinda turned his face to Kumar, and with an 
expression of profound admiration said: 

“What power lies in true holiness! You are able to bring 
back the dead. She is, I know, a phantom, held in her cor- 
poreal state for a brief moment by the power of your holy 
incantations, but how real she looks. How very real.” And 
flinging yet a second bag of money at Kumar’s feet he cried 
to Kumar, “Thank you a thousand times for this lesson in 
the power of virtue,” and to the boys on the dromedaries, 
“Forward as fast as you can go.” The boys shouted, whips 
cracked, the dromedaries bellowed, the horsemen shouted 
oaths, and the caravan moved on. When it had passed, 
Kumar and Govinda’s wife were covered in white dust, 
through which, on Kumar’s cheeks, his tears were making 
dark channels. 

His release from this chain of the flesh (whicli as you know, 
said Valmiki, is metaphysically known as moksha) came six 
years later when Govinda’s wife caught a fever and died. 
Kumar, once he had seen her well and truly burned to a 
cinder, flung himself into the work of completing his poem 
in praise of chastity. He made it a masterpiece. He himself 
gained a second fame, this time as an author of a morally 
improving work, until by the time of his holy death he was 
known throughout the land as the apostle of self-restraint; 
which shows (Valmiki ended) that the springs of Virtue lie 
very deep, and sometimes lie in unexpected places. 
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Discoveries 

B y one o’clock that day the saffron robe was back in 
Sita’s bundle, but this can be attributed only in a small 
part to Valmiki’s story. The tale disturbed Rama and 
retiring to the cool of Sita’s room, Rama had a vision which 
at first he thought might be a heavenly admonition, but 
which he finally agreed was sunstroke. 

Sita immediately put Rama to bed and the hermit’s robe 
safely away. Luxniun returned hurriedly to the plantation 
and asked the owner for a basket of mangoes, which, most 
readily given, he squeezed into a brass jar and gave the juice 
to his brother to drink. Sita laid wet cloths over her hus- 
band’s forehead and Valmiki, bustling about his hermitage 
to prepare light food and restoratives, blamed himself for 
not warning his guest to avoid sitting in the sun. Sunstroke 
is rarely a prolonged illness but with a determined wife, an 
attentive brother, and a co-operative host it can be spun out 
considerably. Rama was kept on his couch a week, during 
which he was forbidden to think about his spiritual condi- 
tion. This prescription, together with a decoction of senna 
pods grown in Valmiki’s garden, soon put roses in Rama’s 
checks. 

This mild illness was the first he had experienced since 
childhood and like many other young men who have been 
tenderly cared for while unwell, he fell in love with his 
nurse. It did not matter that his nurse was Sita, his wife. He 
had never been in love with her before because their marriage 
had been, of course, arranged by their respective fathers. It 
is one of the advantages of an arranged maniage that it 
sometimes provides both parties, after years of living 
together, with that most gratifying of pleasures, a honey- 
moon without embarrassment. Rama and Sita were young 
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and they had discovered that they were lovers. They were 
very happy. 

This led to a second discovery. One day while Rama and 
Sita were strolling on Valmiki’s terraces they came across 
the poet and his servant boy spreading dung on the ground. 
Rama recoiled from the sight and smell of this and walked 
away, Sita, following, said: 

“But I suppose those vegetables he serves us wouldn’t 
grow if he didn’t and they are certainly very good vegetables, 
especially as they don’t cost us a single copper-piece. Of 
course, Valmiki must be proud to have two princes to stay 
with him.” 

That evening, over their meal together, Rama said to 
Valmiki: 

“I have been turning the matter over in my mind and it 
seems to me that for some months I have been living on 
other people’s charity. When I left Ayoda my mind was too 
full of other things to think about money.” 

“Of course it was,” said Luxmun, “but my mind’s nearly " 
always empty except when I’m fighting so I brought along 
a little money myself. Still, that’s all gone. But you were 
talking, brother, I am sorry I interrupted.” 

“Well,” said Rama, “I think it would be for the best if 
I sent you, brother, to Ayoda, to announce that since I 
am fully determined to stay away from the city until my 
father’s pledge is redeemed, the Royal Council should send 
me some money for my expenses. What do you think, 
Valmiki? Is it a good plan?” 

“No,” said Valmiki. “You should send Luxmun with the 
message that you are instantly returning. The Royal Council 
will pay you a great deal more to make you promise to 
stay away.” 

“But,” said Rama, “I mean to slay away in any case.” 

“Then you can make the promise with a clear conscience, 
since you are sure to keep it, which is more than many 
people can say when they enter into a bargain.” 

The wisdom of this course being plain, Luxmun was sent 
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^on his errand. He returned a month later with a mule whose 
packsacks were heavy with gold. 

Rama found it difficult to think of a graceful way of paying 
Valmiki for his hospitality, but Valmiki, being a man of 
genius and a writer, made it easy for him. 

“I would not think of taking money for myself, but if 
you care to hire two gardeners for a year or so to cultivate 
my terraces, I shall be grateful,” he said. 

“I shall be pleased to do tliat,” Rama replied. “I had 
thought of it myself but I was afraid you would not 
approve. I remember you saying one day that cultivating 
the soil was the one truly satisfactory occupation.” 

“I did,” said Valmiki, smiling. “I still do. To make two 
ears grow where one grew before is a profound solace to 
my spirit. To watch a hired man do it would be an even 
profounder solace. I shall be able to devote more time to 
my poetry.” 

The matter thus settled, Valmiki asked Rama what he 
intended to do in the future. “You would be very welcome 
if you decided to stay in our hermitage,” he said. 

“The Gluttons arc very courteous people,” said Rama, 
“but T have never quite understood their principles.” 

“They have only one,” Valmiki told him, “and that is to 
eat. They can prove to you by exquisite metaphysical argu- 
ments that everything else is an illusion.” 

“I suppose they eai a lot.^” 

“Theoretically, they should,” said Valmiki, “but people 
who can draw fine metaphysical distinctions rarely have 
enormous appetites. I was drawn to their company because 
I had heard that they spent more time eating than in 
arguing. If all profound thinkers did that how tranquil the 
world would be! Alas, my fellow hermits are no better than 
other men: they all put the world to rights after supper.” 

“Still I should find that very interesting,” said Rama. “I 
have thought things over carefully and it seems to me that 
it was wrong of me to try to renounce the world on the 
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recommendation of a few self-seeking Brahmins. The proper 
thing for an intelligent person to do is to improve his mind. 
I cannot help feeling that what I have lacked is a proper 
education. I do not — for instance — ^know anything about 
philosophy. But I should like to. After all, what can be 
better for a man than to study all the great thinkers that 
have gone before us.^ What could be more fitting than to 
learn all that the great sages have given to the world.^ Is 
there not an eight-fold path to salvation.^ There is, but I do 
not even know the names of two of the paths much less all 
eight. And yet, is there anything more important than the 
salvation of my soul.^ No. IIow can I learn how to save it.^ 
By studying the treasures of esoteric knowledge of my fore- 
fathers. So I have decided to ask you if you will permit me 
to stay here with my brother and wife a little longer, and — 
although I hesitate to take up your time — to put me on the 
path to salvation.” 

“By all means stay,” said Valmiki, “and you will not 
take up a great deal of my time.” 

“How many lessons do you think will be necessary.^” 
asked Rama. 

“One,” said Valmiki. “Let us begin it under the carob 
tree at half-past nine tomorrow morning. But this time be 
careful to sit in the shade.” 

Next morning, when they had again admired the view from 
the carob tree and selected each a comfortable root, Valmiki 
began (and ended) his instructions by telling Rama the tale 
of the Sage, the Cow, and the Studious Locust. 
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The Tale of the Sage, the Cow, and 
the Studious Locust 

T here once (said Valmiki) was a locust who was bom 
in a desert in Baluchistan. On the same day ten 
million other locusts were born, all of them with 
identical eyes, identical wings, identical legs and the same 
thought in their very small brains which was: “I want 
something to eat.” 

This locust, however, was different. He had, it is true the 
same large eyes as the other locusts, the same wings, the 
same slender legs and his brain was no bigger nor his 
appetite smaller. He had, on the other hand, a touch of 
refinement. 

When, one day, all the other locusts rose joyfully into 
the air to go to their first eating ground, he rose with them, 
but instead of making straight for the food like ten million 
others, he hung back a little. When the swarm hovered over 
a blossoming orchard and all the others clashed their jaws 
in joyous expectation, he looked down and said: 

“How beautiful! The blossom is like . . .” But what the 
blossom was like he never discovered. While he searched 
for the right words, ail the blossom disappeared down the 
gullets of the other locusts. Sighing, he chose a leaf, and 
began to eat. As he munched, he savoured its sweet taste. 
Once or twice he cast hard looks at a locust in front of him 
who disturbed his pleasure by rending and bolting its food 
like one possessed. Hard looks having no effect, he tried 
another tactic: 

“How delicious this leaf is,” he said to his companion. 
“I think it must have been specially favoured by the 
morning sun. Try some.” 
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The Other locust stared for a moment at him with pro- 
tuberant eyes. Then it said: “EW” The sensitive locust 
repeated his statement, in a pained voice witli clear enunci- 
ation. But his companion was seized with a violent attack of 
hiccoughs and did not hear a word. It therefore asked “EW’’ 
once again. 

“I said try some of this leaf,” the locust repeated, sharply. 

“Oh,” said the other, and did. In a moment there was 
nothing of the leaf remaining, except a small square in 
which the sensitive locust was just able to stand. 

“Er . . .” said his companion, eyeing this remaining 
patch. “Er ... if you . . .” 

The refined locust sniffed with disapproval, and delicately 
stepped on to the twig. As his companion devoured the last 
piece of the leaf in two snaps of its jaw, the sensitive locust 
averted its eyes. Unfortunately, wherever he looked he 
could see nothing but other locusts eating. He lost his 
appetite. This, in a locust, amounts to an extraordinary 
spiritual experience — indeed, it is often confused with one 
among human beings — and the locust felt a great desire to 
be on its own. 

It therefore flew thoughtfully out of the orchard. As he 
did so he saw a party of men attack the very tree on which 
he had been sitting with long bamboo poles. They beat the 
locusts from the branches, and then swept them into a 
ditch. There, after a moment, they set fire to them by 
throwing oil-soaked brands among them. The locust 
watched a thousand of liis companions die in less than a 
minute, with a most doleful sound of popping. 

“What a dreadful fate I have escaped,” said the sensitive 
locust to himself. “How dismal to end one’s life with a pop! 
See what gluttony leads one to! How lucky I am to have 
refined sensibilities! Is it possible that I should have been 
saved from such a horrid death for no purpose.^ Certainly 
not. It is clear that I am specially chosen. But what for.^ 
Ah! I do not know. I must be patient and humble and per- 
haps I shall discover.” 
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So in patience and humility he sat on a tree that com- 
manded a fine view of the orchard, and listened to the 
popping until the peasants ran out of oil. Thus, although he 
had not been able to finish his dinner, he early learned that 
the spiritual life has its own satisfactions. 

Sometime later in that afternoon when he was still sitting 
on his tree, but sleepily, he suddenly felt a violent blow on 
his back. He clutched at the twig beneath his legs, but 
immediately felt another blow, heavier than the first, which 
sent him reeling and tumbling through the air until he hit 
the hard ground at the foot of the tree with a shock which 
took away his senses. He awoke with a scream to find him- 
self (as he thought) being burned alive. Within an inch of 
his nose was a wall of flame; the grass was burning all round 
him, and the heat of the ground was such that he had had 
to keep hopping high in the air to prevent his legs from 
being burned to cinders. 

It was borne in upon him that he, too, was going to end 
his life with a pop and that it was all a grave mistake. The 
owner of the orchard had plainly confounded him with his 
gluttonous companions and was burning him — a locust with 
a sense of refinement and a remarkable spiritual experience 
— in the same bonfire as all the others. 

The mere thought of this humiliation made him bound 
higher than ever before, and so great a hop did he execute 
that it carried him clear of the fire on to a raised pathway 
of trodden earth, and thus to safety. While he rested there, 
gathering his wits, one of the peasants spied him. Now this 
peasant owned the field on the other side of the embankment 
and this, so far, had escaped the locusts. The peasant, seeing 
a solitary locust about (as he imagined) to go into his field, 
raised a tremendous hullabaloo. All the other peasants came 
running, their long bamboo staves in their hands. Wlien they 
understood what was the matter, they all set upon the locust, 
flailing their sticks and shouting. 

The locust sprang along the path in a desperate effort to 
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save his life. The bamboo staves slapped the earth all round 
with a report which deafened him, and raised clouds of dust 
which blinded him, so that it was pure chance that he escaped 
killing at the first onslaught. But he managed to leap a little 
ahead of his pursuers and for a while, hopping, bounding, 
fluttering, and rolling along the path he managed to elude 
their blows. But he was soon at the end of his strength. He 
staggered. A bamboo cane gave him a glancing blow, and 
he gave himself up for dead. The next, he thought would 
surely kill him. 

Then suddenly he felt himself taken up by the middle 
and raised high in the air. He was surrounded, he saw, by 
an enormous Hand. It smelled of sweet perfumes and was 
clean and smooth and the colour of sandalwood. Its fingers 
held him so gently that he felt no pain — only the exhilara- 
tion of being lifted so fast up into the sky. When the motion 
stopped he was not very surprised to find himself looking 
into a great, benign Face, with flowing white hair and an 
enormous beard. 

“Do not be afraid,” said the Face, but the words were 
very indistinct because across the mouth of the Face was a 
strip of linen. This was held in position by four tapes that, 
traversing the whiskers in four valleys, ended in loops that 
went over the ears. 

“I’m not afraid,” said the locust. “Am I dead.^” 

“You were very nearly killed,” said the Face, mumbling 
through the strip of linen. “But nobody will hurt you now 
that I’m protecting you.” 

“No, I’m sure they won’t,” said the locust, confidently. 
“I suppose you are one of the great gods. I knew that some- 
thing very special was coming my way, because I’ve just 
had what I might call a spiritual experience. It happened this 
way. I was . . .” 

The Face immediately looked very weary. 

“Yes, yes,” it said. “That is most interesting, but per- 
haps you will tell me about it tomorrow morning when I 
feel fresher.” 


102 



THE TALES OF VALMIKI 


With that the great hand placed the locust next to the 
Face on a broad shoulder and the locust, observing tlie 
passing world’in glimpses through the great white whiskers, 
saw that they were walking. 

Soon they stopped, and the locust, holding apart two 
cable-like strands of white hair, saw a number of peasants, 
'fhey were looking towards the Face, and some of them had 
their hands raised to their foreheads in adoration. The locust 
hoped these worshippers of his God could see him on the 
God’s shoulder, and to make sure he trampled down a few 
more strands of hair so that their view of him would be 
unobstructed, and he gave way to a little fit of coughing. 

When he saw that one or two of the peasants nudged one 
anotlier and pointed to him, he was delighted. There was 
nothing to mar his happiness save the fact that the peasants’ 
faces seemed much on a level with the Face that had rescued 
him. He had expected to be rather more elevated. 

However, when the peasants laid bananas and fruits and 
flowers on the ground as an offering, and when the benign 
Face bent in acknowledgement, the locust bent his head as 
well, making his protruding eyes as benign as they would go. 

After a while, a young boy gathered all the offerings and 
put them in a basket. Then the locust found that he was 
moving away at a walking pace as the Face left its adorers. 
Glancing back under one of the ears, he saw that the boy 
was following them, the basket of offerings on his head, at 
a respectful distance of twenty paces. 

“They gave me all that fruit for sending away your 
companions,” said the Face. 

“Yes?” said the locust, casually, for he did not much 
approve of being classed with the other insects. However, 
he could not resist a look at the orchard which now lay 
behind them. As far as he could see through the thickets 
of hair, the locusts had left. 

“They ought to be very grateful,” said the locust, think- 
ing of the peasants. 

“They ought,” agreed the Face. “But why to me?” 
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“Because you sent them away.” 

“/did.^” said the Face. “As a locust yourself, how do you 
imagine I could send away a ravening swarm like that.^” 

“Because you are a God.” 

The Face chuckled behind its mask. 

“If I were a God,” it said, “you may rest assured I would 
not do anything so cruel and foolish as to make men with 
bellies and then make locusts to eat up all their food.” 

“Then you are not a God?” 

“No.” 

“What arc you?” 

“I am trying to be a saint,” said the Face. 

“What is that?” 

“It is a man who is so horrified at what God has made 
him that he wants to be something better,” said the 
Face. 

“And are you something better?” said the locust, clinging 
to a last hope that the Face might be at least a demi-god. 

“With God’s help, I think I may become so,” said the 
Face. 

“But you said,” the locust pointed out, “that you didn’t 
like what God had made you. Will He help you to change 
it?” 

“If He doesn’t, I won’t,” said the saint. 

“That is very difficult to understand,” said the locust. 

“It is quite impossible to understand,” said the saint, 
complacently. “I have thought about it for twenty-three 
years and I assure you it is stark, raving nonsense. Never- 
theless, it is true. And so with God’s help, I have sworn a 
vow never to take a life, not even of the smallest, humblest 
creature, such as you. That is why I wear a strip of linen 
across my mouth lest I should breathe in some innocent 
little flying thing. And that is why I rescued you.” 

The saint walked on in silence for a while. Then he heard 
the locust sobbing. 

“What is wrong, little one?” he said. 

“I can’t . . . can’t explain,” said the locust, great tears 
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filling his eyes, so that they appeared to protrude more than 
ever. “In any case I couldn’t make you understand.” 

“Try,” said the saint. “One of tlie things that I have 
learned because I have kept my vow is the language of 
animals. It was not very difficult. I learned all the sad words 
first and so I soon understood most of what they had to say. 
Still, I suppose this is the best way to learn any language 
quickly . . .” and in this fashion he talked half to himself 
and half to the locust, so that the little insect should have 
time to recover his self-possession. 

When he had done so, the locust said: 

“The fact is that only a few hours ago I had a spiritual 
experience. Then I saw all my companions being burned 
alive and I was saved — call it luck, call it a miracle. I don’t 
know. But one thing I felt certain about — I was being saved 
'for something. So I waited. Then I was chased along the path 
with bamboo sticks and suddenly I found myself lifted up 
to heaven. Or so I thought. I thought you were — well not 
the Great God of course, but still, perhaps one of the lesser 
ones. But . . .” said the locust, and a sob that had remained 
behind from his previous tears, broke from him. 

“I apologise for not being a God and for not being even 
one of the lesser ones,” said the sage, gravely. 

“Now you are poking fun at me,” said the locust. 

“Not in the very least. My apology was most serious, I 
make it every morning at sunrise.” 

“Why?” 

“Because one should always pray at sunrise, and that is 
la very suitable form of prayer for a human being.” 

“I see,” said the locust, who did not see at all. “That is 
very" interesting and I must try it. I suppose I’d better forget 
my spiritual experience,” and tlie locust essayed, without 
success, a short laugh. 

“Oh no,” said the sage. “In any case you will not be able 
to forget it. I know, because I had one myself. It will change 
your whole life.” 

“How?” 


H 
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“It will make you,’* said the sage, “either a great charlatan 
or a great saint.” 

“Oh,” said the locust. ‘^What is a char-la-tan.^” 

“A hypocrite, a deceiver, a sham, a fraud, a man who is 
as happy as the day is long,” said the sage. 

“Then which are you,” said the locust, gazing at the sage 
with his protuberant eyes, “a char-la-tan or a saint.^” 

“A good question,” said the sage, ignoring the fact that 
it w^as also an impertinent one, “I have thought the matter 
over myself and I have come to the conclusion that it 
depends on the state of the weather.” 

While the locust felt that this mixture was far from 
inspiring he had to admit that its results were agreeable. 
They arrived at the place where the sage lived. The place 
was so remote that it was suitable only for a hermit; the 
situation was so beautiful that it was fit for a king. Here the 
sage lived wdthout the pleasures of human society but in a 
most elegant manner, devoting his life to prayers and the 
cultivation of succulent vegetables. 

The hermitage stood on a meadow bounded by the loop of 
a mountain stream. Forests rose in gentle slopes on all sides 
except one, and this side looked down a valley to the plain 
beyond. Small gardens, neatly stockaded, and sited to catch 
the most favourable hours of sunshine, lined the curves of 
the stream, each garden devoted to the growing of some- 
thing to eat. The hermitage was simply constructed of poles, 
straw mats and plaited strips of bamboo. It had a verandah, 
a dining-room, a bedroom, a room for reading, a room for ■ 
nothing specific, a kitchen and outhouses, from one of 
which came the lowing of a cow. 

“I shall put you with Comfort while I go and cook the 
dinner,” said the sage, and took the locust to the outhouse 
from which the sound was coming. “Comfort,” he explained, 
“is a cow whom I have taught to speak. By speaking I mean 
the language of human beings. She is called Comfort because 
that is what she reminds you of when you look at her and 

io6 



THE TALES OF VALMIKI 


besides she never thinks of anything else. Have a quiet talk 
with her. Dinner will be ready in about half an hour. By 
the w'ay, what do locusts eat for their evening meal.^” 

said the locust, “eat practically nothing. A small leaf, 
to keep you company — that will do very well for me.” At 
which the locust’s stomach gave out a protesting noise. The 
locust blushed deeply, but was consoled when the sage 
showed no sign of having noticed. 

Comfort, on the other hand, was plainly a cow that had 
never denied herself a single blade of grass. She was white. 
Her dewlap swung from her chin like a white curtain loaded 
with shot; her stomach struggled to be perfectly round, and, 
seen from some directions, managed to be so. Everything 
about her was fat except her tail, which looked as though 
it did not belong to her. 

The sage patted her muzzle and explained in a few words 
how he had rescued the locust. When he said that the locust 
had narrowly escaped burning alive, the cow’s great eyes 
filled with sympathetic tears. When the sage told her that 
the locust had been through a spiritual experience, she blew 
windily through her nose and shook her head in wonder- 
ment. When the sage said he must be off to see about dinner, 
she dribbled. 

“Would you like to hear me say a few words in the human 
language.^’’ she said, when the sage had gone. The locust said 
that he would and the cow, in a melodious bellow said: 

" Goodmorning Your Highness, Sleep well my lady. Your 
Majesty is quite right, I bow to Your Eminences opinion." 

The locust was sitting on the half-door of the stall and 
the tremendous rumble made his ears sing. He did not, of 
course, understand a word that the cow had said, and when 
the buzzing in his ears had subsided he asked what they 
meant. 

“I don’t think they can be explained,” said Comfort, 
looking down the broad expanse of her nose, “to anybody 
who has not moved in Court circles,” but in spite of this she 
explained, at considerable length. 
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The locust gathered that when the sage had taught the 
cow to talk, the news of the miracle spread to the nearest 
city and a royal summons was issued that she be brought 
before the King. 

“I was received with every mark of respect,” said the cow. 
“Her Highness — the King’s daughter you know — hung a 
garland round my neck with her own hands, an honour — 
so I was told — which is never conferred on people of lower 
rank than a cousin of the King. I was given a stall made of 
the most expensive wood and the food — I cannot possibly 
tell you of all the food that I was given. In the morning . . .” 

But the locust begged her not to attempt so difficult a 
task: protesting winds were blowing through his abdomen. 

“And you talked to all these important persons.^” asked 
the locust. 

Comfort replied: 

“Oh yes. Frequently.” 

“I should have died with embarrassment,” said the locust. 
“I wouldn’t have known what to say at all.” 

The cow said nothing, but merely lowered her eyelids, 
and chewed her cud with what the locust found an irritating 
composure. 

“I suppose the sage had given you plenty of instructions,” 
said the locust. 

“Oh, yes,” said Comfort. “Some.” 

“What did he teach you.^” asked the locust. 

“It’s a long time ago,” said the cow, “and my memory 
is not very clear on the point. But I recall that he taught me 
a piece to say about ‘How a wise man should act when his 
Duty would seem to conflict with his Destiny.’ ” 

“What a fascinating subject,” said the locust, the two 
knobs that were his eyes glowing. “That is just the sort of 
conversation that I have always longed to hear. Well, how 
does a wise man act when his Duty conflicts with his 
Destiny.^” 

“Eh.^” said the cow. “Oh, well, he . . . follows his nose, 
I should say. Yes, follows his nose,” she repeated, chewing 
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rhythmically, “I can’t remember if that’s what the sage said 
— it was all ^a long time ago — ^but that’s what I should 
say.” 

The locust looked a little disappointed, but he persisted. 

“What else did the sage teach you.^” 

Comfort chewed until the locust began to think that she 
could not have heard the question. He was just about to 
repeat it when she said, swallowing heavily: 

“There was a piece I was to use if any Brahmins came 
to talk. I recall that it began: 'Is the earthy which is supported 
on a tortoise^ round or flat?' ” 

“How exciting!” said the locust. “And is it round, or is 
it flat.?” 

“Don’t be silly,” said the cow, beginning to show im- 
patience, “of course, it’s flat. Just look at it. Flat as one of 
my pancakes.” 

“I am sorry if I am annoying you,” said the locust, 
stiffly. The cow, he could see, for all its experience of 
polished society, was still, at heart, vulgar. 

“No, no,” said the cow, chewing calmly again. “You’re 
not annoying me. But to tell you the truth I never did talk 
about these things: not at Court, I didn’t. I chose my own 
subject and it went down very well. All the really important 
people were very pleased, although I must say that the sage 
was very annoyed. I think,” she went on, “that living here 
all alone, the good man had got out of touch with the way 
that good society behaves.” 

“What was the subject that you chose.?” asked the locust. 

“I didn’t really choose it. It just came,” the cow replied. 
“In the give-and-take, you know, of my social life. But 
then perhaps you don’t know.” With which she chewed, 
more exasperatingly than ever. 

“I don’t know anything,” said the locust. “That’s why 
I’m asking.” It was not the sort of reply that the locust 
would have made in his more collected moments, but the 
circular movement of Comfort’s jaws was unnerving. 

“Asking what.?” said the cow. 
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“What you talked about,” said the locust, in a manner 
which showed he was not to be fobbed off. ^ 

“Well, if you want to know,” said the cow, and pausing 
lowered its eyelids. “The subject always seemed to be . . .” 
She paused. 

“Yes.^” said the locust. 

“Bulls,” said the cow. 

Neither of them said anything more for a while, and then 
the cow went on, in justification: 

“I can see you agree with the sage. Well, I don’t say it 
was the best topic from the point of view of improving the 
mind. I wouldn’t have thought myself that it was really up 
to me — a cow, you know — to improve the minds of the 
royal circle: although in fairness I must tell you that that 
was just what the sage had in view when he sent me. All 
that I do see is that my recollections of — well, as I say — 
bulls — seemed to suit the court like a glove. The courtiers 
lined up to talk to me, and the Princess — well — at meal- 
times Her Highness had to be dragged away by her ladies- 
in-waiting, who didn’t want to go either. They’d all have 
eaten in my stall if Court etiquette had not forbidden it. 
But of course, there was the sage, getting more and more 
angry with me. Then there was the Chief Brahmin.” 

“Didn’t he like your — your style.^” said the locust, with 
a very keen look out of its enormous eyes. 

“I can’t say whether he did or whether he didn’t,” said 
the cow, opening its own eyes very wide. “He said that 1 
was corrupting the manners of the Court and I shouldn’t 
be allowed to talk . . 

“Ha!” said the locust, with open satisfaction. 

“. . . unless,” the cow went on, “I said everything I was 
going to say to him, each morning, for his approval. He 
didn’t approve, but how he listened!” said the row, and 
munched with reminiscent pleasure on her cud. 

“And then what happened.^” said the locust. 

“The sage came and took me away,” said the cow, with 
simplicity. “Her Royal Highness wept and she stormed and 
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she even stamped her foot at the King. But he wasn’t sorry 
to see me go. I think he felt I put him in the shade. Besides, 
he arranged fbr Her Royal Highness to be married straight 
away to put me out of her mind. But, do you know, on her 
wedding day she sent me — all the way to this hermitage, by 
royal courier — a great big bunch of flowers, which I ate, and 
my, how delicious they were.” 

The cow ran her vast tongue round her mouth and lower- 
ing her eyelids, shook her head at her happy memories. 
This was more than the locust could bear, and, excusing 
himself abruptly, he went in search of the sage to see if 
dinner was ready. 
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The Tale of the Studious Locust 
continued 

I T was ready, and it was a banquet. The sage had piled 
leaves higher than his guest, even if his guest stood up 
on its hindlegs, and next to this he had laid out smaller 
heaps of buds and tender shoots. For himself the hermit had 
set a banana-leaf heaped with rice, while around the leaf he 
had arranged a semi-circle of small bowls, each with a 
different curry, A gleaming pot of bell-metal was full of 
Comfort’s milk, and a wicker basket of fruit made the table’s 
centre-piece. The locust had punched a whole leaf full of 
semi-circular bites before he remembered that he was a 
locust with a sense of refinement. With reluctance, but an 
indomitable will, he stopped eating. Only when the sage 
had begun a conversation did he resume, and then delicately, 
a nibble here, a nibble there, as though he ate not from 
hunger but politeness. 

“Now tell me,” said the sage, “what did you think of 
Comfort.^” 

“Very well-meaning,” said the locust, “but perhaps not 
very brainy. She must have been a disappointment to you.” 

“No,” said the sage. “1 learned a great deal from her, and 
I am most grateful.” 

“What did you learn,^” asked the locust. 

“Never to teach philosophy.” 

“To cows, of course.” 

“No,” said the sage, “to courtiers. It has saved me from 
wasting a great deal of time.” 

The locust nibbled a last shoot, and then walked a pace 
or two away from the pile of food to show that he had 
finished. 
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“I have something to ask of you/* he said. “But Pm 
afraid that you’ll think that a waste of time, too.” 

“I hope I shan’t,” said the sage, “but have you finished 
eating.^ You’ve taken very little. Perhaps Pve picked the 
wrong kind of leaves.^” 

“They are delicious,” said the locust. 

“I always understood that locusts had large appetites,” 
said the sage. 

“They have,” said the locust. 

“Then aren’t you hungry.^” 

“Yes,” said the locust, and swivelling his large eyes full 
upon the sage, he said, “But my hunger is not for food: it is 
for wisdom.” 

The sage was suddenly taken with a fit of coughing. 
After it was over he wiped his eyes. 

“Forgive me,” he said, “I bit on a chilli. Please go on. 
You were saying that your hunger is for wisdom. So . . 

“So I would like you to teach me all these things that 
you tried to teach that foolish cow,” said the locust, 
passionately. “Ever since I was born I have felt that I am 
different from the other locusts — yes, superior to them — 
Pm not afraid to use the word. And now'' that I have had 
my spiritual experience Pm sure of it. Oh, I know that you 
are thinking that I will turn out no better than Comfort. 
I know that you think that after all your labours Pll just 
give way to my baser instincts and . . .” 

“But you know you won’t.^” asked the sage. 

The locust paused. He studied the sage’s face. He thought 
that he detected a smile on the sage’s lips, but it was difficult 
to be sure because at that moment the sage, having finished 
eating, slipped his mask back into place. 

“Yes,” said the locust. “I know I w'on’t. And to help you 
believe me, I promise that every day that you teach me I 
shall eat no more than I have eaten today. You yourself have 
said that locusts have large appetites. This one has also got 
self-restraint. Four leaves, two buds, and a piece of stalk, 
every day that I have a lessuii. Master, is it a bargain.^” 
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“Little friend/’ said the sage, looking down at the locust 
over his mask with his dark brown eyes, “it^is a bargain.” 

Now began a time of contentment for the strong-willed 
insect. The sage did not teach him to speak a human 
language: neither he nor the locust saw any purpose in so 
difficult a task if it were to end as it had done for the cow — 
but he taught him to read. The sage would prop the long 
palm-leaf books against some jars, and the locust' would 
walk slowly in front of them spelling out the words that had 
been cut into them with a sliver of metal. Sometimes the 
sage would dip his finger into charcoal powder and rub it 
across the letters, blackening them, and making them easier 
to read. Sometimes he would untie rolls of kid-skin and the 
locust’s round eyes would grow rounder still at the blaze of 
gold and vermilion on the inside of the leather, a meaning- 
less splendour to him until he learned the trick of seeing the 
flat design as pictures. That learned, he went on many 
voyages into marvellous countries, saw many gods and kings 
and philosophised over many beautiful women, all without 
leaving the floor of the room that had once no proper pur- 
pose, but which was now the locust’s own. 

From these simpler books he progressed to more pro- 
found studies. He learned that there were ten ways that a 
Brahmin may praise the gods on rising and only one way in 
which he may defecate. After weeks of patient application 
he learned why it was certain that the earth was supported 
by a tortoise, but that nobody knew what supported the 
tortoise. He studied six different ways of burying himself 
alive for twenty-one days and not one reason why he should 
do any such thing. He read the lives of the three great rishis 
who had devised fifty-eight flawless constitutions for the 
governing of a State and did not know what to make of the 
fact that none of them had been asked to govern anything 
bigger than the collection of mud huts immediately next to 
their hermitages. 

Under the sage’s instructions he learned the principles of 
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good painting in the books of a man who could not draw, 
the art of gocjd writing in a book which was unreadable, 
and the essentials of good music from the analyses of a man 
whose music nobody had ever sung. He studied history in 
great detail and found that the reason why kings lost battles 
was that the opposing kings had more brains and better 
troops; he was instructed in the fact that the reasons why 
States went bankrupt was that their rulers spent more money 
than they had got; and after titanic studies he was satisfied 
that a thorough knowledge of the past could lead a profound 
scholar to predict the future course of history with great 
accuracy, provided that it did not turn out quite differently. 
He became, in a word, well-educated. 

He also became hungrier, and hungrier and hungrier. 
The sage, who found that keeping his side of the bargain 
was more exhausting than he had anticipated, hoped each 
day that the locust would not keep his. The sage spent what 
time he had to spare from instructing the insect in searching 
out the most tasty leaves and juiciest shoots, which he 
arranged in a tempting fashion in small heaps, one very close 
to the other, so that the locust might be led, unthinkingly, 
to go from one to the otlier and cat more than the agreed 
amount. This the locust did not do. He would divide out 
the piles and separate the exact quantity of food which the 
bargain allowed for, and, having eaten it slow^ly (but with a 
set expression) he would return immediately to his room 
and his studies. 

But as he grew more fiimished he grew shorter tempered. 
As his temper grew worse he felt the need to quarrel, which 
the sage, looking down at him with his great brown eyes, 
always refused to do. This drove the locust to seek the 
company of the cow. Comfort, if not of a quarrelling dis- 
position, was fond of making downright statements and 
these gave the locust a chance to attack her sloth, her ignor- 
ance, her base yielding to the life of the senses, and her 
general failure to take the great opportunity that had once 
been offered to her, at the same time comparing her conduct 
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with his own devotion to his studies, his austerity, and his 
rising above the temptations of the flesh. Then, for the 
hundredth time, he explained how he had been elevated 
above all common insects and animals by his spiritual 
experience. 

The cow found this last very wearying, but she discovered 
by experiment that she could infuriate the locust to such a 
degree that it was deprived of words and went away. This 
she could do merely by slowly, rhythmically and ostenta- 
tiously chewing. 

One day the locust, thus enraged, flew away beyond the 
confines of the hermitage, not really knowing where he 
went, so plagued was he by hunger and so exhausted by 
study. He flew down the stream and into the broader reaches 
of the valley. 

He returned that evening at dinner-time. The sage 
greeted him. The sage enquired how he had progressed in 
his studies. The sage asked solicitously if he did not feel 
unwell. To all these questions, the locust made no other 
reply but a loud hiccup. 

The sage was mild, but terrible in his glance. 

“Where have you been?” he said at last. 

“The . . . fields,” said the locust, and was once more 
shaken with a hiccup. 

“To study, perhaps,” said the sage, “the structure of 
newly growing leaves?” 

“In a way,” said the locust, and hanging his head, he 
hiccuped violently three times. 

“Possibly,” said the sage, “by eating them?” 

“Possib . . .” said the locust, but could get no further, 
partly from the explosions of his hiccups but more from 
utter shame. He took one last look at the sage, but finding 
no hope in his venerable face, the blushing insect crawled 
to the door, and flew away from the hermitage, never to 
return. 
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The Fight in the Glade 

T hus warned, Rama still pursued wisdom, but with 
moderation. He made the acquaintance of the other 
Gluttons, among them a tall, spare, and venerable 
man called Jabali, the founder of the Hermitage of the 
Gluttons, but himself a man with a delicate stomach who 
lived largely upon curdled milk. Of this, following his 
principles, he took more than he really wanted, but it did 
him no harm. 

Jabali’s disposition was mild and kindly; the years he had 
spent in meditation gave dignity to his bearing; his diet gave 
sobriety to his conversation. He was immensely learned and 
made light work of answering all of Rama’s questions. The 
advantage of the hermitage was that Rama had only to cross 
over to a neighbouring hut to have it proved to him by 
another hermit that all the answers were wrong. 

Some months passed in this peaceful fashion. Rama was 
contented, Sita dutiful, and Luxmun bored. Luxmun was 
sure, as always, that whatever his brother did was right, but 
he was disappointed to find that doing right did not include 
an occasional fight. He had hoped to defend his brother 
from enemies, and now, while the hermits split hairs, 
Luxmun longed to split heads. 

Rama rebuked him. Luxmun, disconsolate, went to talk 
over his troubles with Sita. She had taken on the duties of 
running Valmiki’s hermitage (for Valmiki was now wholly 
absorbed in his poetry) and Luxmun found her working 
with the boy in the kitchen. 

“Rama is angry with me,” said Luxmun, “because I want 
to do some fighting.” 
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Sita Stirred the rice which was cooking in a large copper 
bowl. 

“Yes,” she said. “He has told me. He says that if you kill 
a man it’s the surest way to lose your chance of becoming 
a real philosopher.” 

“H’m,” said Luxmun. “I know a surer way.” 

“Do you.^” said Sita absently, as she stirred the rice. 
“What is it?" 

“Let the other man kill you.” 

Sita smiled, then yawned, and then stifled the yawn. She 
picked the rice grains off her wooden spoon to see if they 
were each separate, as well-cooked rice grains should be. 

“Well,” she said, “there’s not much danger of anyone 
wanting to kill you here.” 

“No,” Luxmun said, grumbling. “And even if some small 
war should break out I can’t see any of the soldiers troubling 
to attack a lot of argumentative old men.” 

There, however, he was wrong. 

Whenever the thought of another day in the hermitage had 
grown unbearable to Luxmun — with Valmiki muttering 
verses, the hermits wagging disputatious fingers under one 
another’s noses, and Rama in a brown study — it was his 
habit to take his spear and stride off into the surrounding 
forest, not caring where he went but allowing the jungle 
paths to lead him, and turning back when the sun was half- 
way down, finding the hermitage by tracks, or the moss on 
the north side of trees, or by his hunter’s instinct. 

One day he had gone further than usual because his 
temper had been worse. He had spent the evening before in 
an attempt to persuade Rama to make a journey round the 
courts of neighbouring princes and to gain their aid in 
raising an army with which to return to Ayoda and cbim 
his birthright. But Rama had argued that he was enjoying 
the only birthright that he cared to claim — namely, peace of 
mind and freedom to think. Luxmun had left him abruptly, 
not trusting his tongue. 
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Now he was walking through an open forest of smooth 
teak trees that^stood, every so often, round small glades set 
with flowering shrubs. One such glade led, by means of 
a narrow path between two rows of bushes, to another and 
much larger glade, that caused Luxmun to stand still in 
astonishment. 

The glade was smooth and scattered with flowers. At one 
end rose a cupola of white marble supported by slender 
columns, also of marble, but marble of a yellow hue. Be- 
tween these columns and hiding the interior ran a screen of 
filigreed metal, worked in a design of flowers and leaves and 
imaginary animals. Between the two front columns, the 
screen was taller to allow for two doors, also of filigree, one 
of which now stood open. The whole structure though 
strongly built was no larger than a tent and was clearly a 
summer house, as could be seen from the marble steps 
which led from the doorway into a stone pool filled with 
water. The glade and the cupola had the appearance of being 
cared for, but there was no sign of an occupant. 

Luxmun, standing between the last of the bushes at the 
end of the entrance path, called out. Some birds flew up, but 
there was no answer. He called again and thought that he 
heard, deep in the trees behind the cupola an answering 
voice. But a third call brought no reply, and Luxmun, 
advancing into the glade, knelt down by the stone pool. He 
laid his spear aside on the grass verge, and began to drink, 
cupping his hands. But the water lay well below the level 
of the stone edging, and he could not easily bring it to his 
mouth. He lay flat and took off his bronze helmet, the only 
sign of his calling that he wore, since otherwise he was 
dressed in the loin-cloth and sandals of a hunter. 

As he dipped his helmet into the water he was struck a 
heavy blow between his shoulder-blades. He cried out with 
pain, and loosening his grip on the helmet, it fell into the 
pool. Another blow, even heavier than the first made him 
roll over on his back, gasping. 

A tall man clad in black armour stood over him. He was 
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holding a javelin close to its metal cap and he had swung it 
back to give Luxmun yet another stroke. A helmet, of fine 
mail like his metal jerkin, and lacquered bla^?k, came down 
low over his forehead and carried a vertical bar that covered 
the man’s nose. The staff* of the javelin fell upon Luxmun’s 
ribs as the man threw out his other hand in the contemptu- 
ous gesture used when ordering inferiors to go away. 

The man’s armour proclaimed him a noble; Luxmun 
saw that he had been mistaken for a forest huntsman of low 
caste who would pollute the water by drinking from it. As 
the blows fell on his sides and shoulders, Luxmun, shouted: 
'‘My helmet! Let me get my helmet!” for this would be 
proof of his rank. The man laughed and swinging the javelin 
behind his head poised himself for a final blow. 

Luxmun, enraged, reached for the hilt of his hunting 
knife, at which the man brought down Jtis javelin staff 
across Luxmun’s fingers. 

Luxmun rolled over in agony and the n* still laughing, 
kicked him. Luxmun seized his spear and flii. ^ing it upwards 
with all his might struck the man in the black armour a blow 
upon his shoulder which, though turned aside by the mail 
coat, sent the man reeling backward. His ungers still numb 
from the blow, Luxmun drew his hunting knife, shouting, “I 
am Luxmun, Prince of Ayoda — defend yourself.” 

The man in black armour had a shoit warrior’s dagger at 
his belt and this he drew, closing with his adversary as 
Luxmun rose from the ground. Luxmun seized his wrist 
and the man countered by taking a grip upon Luxmun’s 
forearm of tremendous force. 

They struggled in this fashion, their faces close together, 
for a few moments, and Luxmun knew that he was fighting 
a man of a strength such as he had never before experien'^ed. 
But rage and anger gave Luxmun an advantage over the 
other, who had been surprised at the ferocity and boldness 
of the huntsman’s assault upon him. Even so, the man in the 
black armour, straining his knife towards Luxmun’s unpro- 
tected breast, suddenly scored the flesh so that Luxmun’s 
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blood spurted out over the man’s forearm. Luxmun exert- 
ing all his strength to save his life, forced the other man 
back a pace and then another. Thus stumbling and reeling, 
they drew near the cupola. Luxmun’s bodily strength pro- 
tecting him, but his numbed hand refusing to answer as he 
tried to drive his knife home. 

The columns that held up the cupola stood on a plinth 
that projected some distance beyond their bases. Driven 
against -this, the man in the black armour reeled heavily 
backwards, his shoulders pressing against the metal trellis. 
He slipped, gained his footing on the plinth, and eased his 
shoulders upward against the grills. But Luxmun pressed 
him with all his might and in a moment the thin metal 
buckled and gave way. Both men fell inwards under the 
cupola; the jagged points of the broken metal tearing at 
the flesh of Laxmun’s arms. As the man in black armour 
fell he called OLt in a loud voice for aid; Luxmun heard 
answering shou. and the sound of men running in the 
forest. 

Luxmun shocic himself free from the prostrate man. He 
turned his back upon him, ran swiftly to the pool, and 
plunged his arm into the water, searching for his helmet. 
The pool was terraced in a series of steps that led down into 
the water and Luxmun groped blindly. The man in black 
armour, still shoutir:g;y^had got to his feet. A javelin struck 
the stone edge of the pool beside Luxmun and bounded the 
full width of the water, humming in the air. Luxmun leaned 
over further and as another javelin passed over him, his 
fingers closed round his helmet. He rose, and flung it at his 
adversary’s feet as a gage. Then, seeing armed men at the 
further end of the clearing, he turned and ran swiftly to the 
bush lined path by which he had entered. He struck out 
with his knife at a man who, breaking out of the forest tried 
to stop him, and felt his knife jar upon bone. The man 
shouted in pain, and fell back. Luxmun, leaping between the 
bushes, ran down the path, across the smaller glade and so 
made good his escape. 

I 
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When Luxmun regained the hermitage covered with blood, 
the philosopliers were very upset but Luxmun was serene. 
Rama ran to him as soon as he saw him, andtsupported him 
for the last few yards to Valmiki’s house (for Luxmun had 
no strength left in his legs) but all the while Luxmun talked 
with calm good-humour about his fight adding, now that 
his anger had gone, a good deal of praise for the strength 
and agility of the man in black armour. When Rama and the 
philosophers exclaimed at his wounds, Luxmun told them 
that he would not have returned at ail if his opponent had 
not lost his balance on the plinth of the cupola. 

Hearing this, Valmiki, who had hurried from his room to 
see what help he could be, asked Luxmun to describe the 
cupola more clearly. Luxmun, resting now indoors, did so 
as best he could while Sita bathed his wounds. 

Valmiki looked grave when Luxmun had finished. 

“You say,” asked Valmiki, “that you threw him down 
on his back.” 

“Yes.” 

“That was bravely done,” said Valmiki. “Nobody has 
defeated him since the day of his birth. You have made the 
most implacable enemy in all India. Now you must rest: 
you have been for a long walk,” said Valmiki, “and if I am 
not mistaken it is not yet finished. The name of your enemy 
is Ravan.” 

The hermits who had crowded anxiously into the room 
fell silent and looked at one another in alarm. Then Sita took 
Luxmun to an inner room and the hermits left. As they 
walked past the open window of his room, he heard the 
name “Ravan” several times spoken in a low voice, and 
later its syllables tolled in his dreams like a sombre bell. 

He awoke to find Sita and Valmiki bending over him. 
Valmiki, with a gentle hand, was rubbing a salve into liis 
wounds. He had, he said, just made it from herbs in his 
garden, and it was still warm from the fire. Beyond a pain 
where Ravan had struck his hand, Luxmun felt no worse 
for his adventure, and he was much refreshed by the sleep. 
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Valmiki left them. Sita, having seen that he needed noth- 
ing, sat on a , rush mat near the bed and opening a small 
box began to prepare him a betel-nut to chew. She took the 
leaf, spread lime on it with a spatula, powdered this with 
ground spices, then folding the leaf, pinned the small bundle 
together with a clove. Luxmun took it and chewed con- 
tentedly, savouring the sharp dry taste of the spices. 

“He’s a fine fellow, this Ravan,” he said, seeking a chance 
to talk -about his fight. 

“I know,” said Sita. She began to prepare another leaf. 

“Stands taller than me,” said Luxmun. 

“Yes,” said Sita. “I know.” 

“As far as I could see, he’s handsome in a fierce way.” 

“Yes,” said Sita. “I think so too. And he is not always 
fier-e.” 

“I wonder who he is.^” 

“He is a king. Not a big king; but still a king. He is the 
Lord of Lanka.” 

“A king}” said Luxmun, sitting up with surprise. “But 
how is it that you know so much about him.^” 

“He is in love with me,” said Sita, and smiling, she 
offered him a second leaf of spices. He refused it and insisted 
that she explain. 

“There’s not very much to explain,” said Sita, “I . . . 
well, of course. I’m very happy to be here because my 
husband is very happy to be here, but sometimes I do get 
tired of . . . no, that’s silly, because a wife can’t get tired of 
doing what pleases her husband. Still, sometimes I . . .” 
She stopped. Luxmun continued for her: 

“Sometimes you are so bored that for two betel leaves 
you’d chase the next philosopher round the hermitage with 
a ladle,” said Luxmun. “I understand that very well. What 
I always do when I feel like that is to go for a very long 
walk.” 

“So do I,” said Sita. 

“I’ve never noticed.” 

“No,” said Sita. “Of course not. WTiy should you.^ 
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Though I suppose — at least I hope — somebody would 
notice if I didn’t come back,” she said: but observing that 
she was growing wistful (a ruinous mood, irvher view, for 
a princess in misfortune), she put the leaf of spices in her 
mouth, and chewed upon it in a masculine fashion. “Well, 
then,” she resumed, “I went for a long walk one day along 
the road to the south, and I came across a party of soldiers 
eating by the wayside. Their leader saw that I was alone. 
They were rough men, rougher than our soldiers back 
home. I was afraid. But he stood up and ordered his men to 
stand as well. He asked me if I was in any trouble. I said no. 
He said it was strange to see . . .” She hesitated. 

“Ycs.^” said Luxmun, “go on.” 

“. . . to see a lady of noble birth walking alone, although 
how he could sec that I was, I can’t say, because I was 
dressed as I am now,” and she looked sadly down at the 
stains on her sari. “I told him as much as was necessary. He 
made me rest and gave me something to drink — wine, I 
think it was. Then he, with about six soldiers walking 
behind, came back with me, but not all the way. He said 
that he would not cross the boundary of his kingdom, and 
that’s how I found he was a king. Though, of course, he 
told me so when we met after that.” 

“You met him again.^” 

“By a small ruined shrine that has a pretty jacaranda 
tree,” said Sita. “I should not have gone, but he talks so 
well and he never says, ‘On the face of it what you say is 
true, but if you look deeper you’ll sec that you are mis- 
taken,’ like all these wind-bags here. Yes, I saw him again. 
Three times.” She looked sideways at Luxmun and saw 
that he was frowning. 

“Yes,” she said, “he is indeed very strong and a good 
deal taller than you. I think it is quite wonderful that you 
managed to beat him.” Looking up again she saw Luxmun 
no longer frowned, but beamed. 

“A king, you say. Where is Lanka.^” 

“It’s a town, he says. Not very big but with very thick 
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walls. You go south along the road, through a great forest 
— that’s why I’ve never been to see myself — and you come 
out on a plainfand there it is,” she replied. “I should like to 
see a town again, and hear the noise, and the temple gongs, 
and see the markets and the silks and the jewellers — just for 
five minutes.” 

“So should I,” said Luxmun, and lay back on his couch, 
thinking not of silks and jewels but of a walled city whose 
king he, Luxmun, had already once defeated: a king to 
whom he had thrown a challenge. 

The walls of Lanka rose straight from the plain. There was 
no moat, perhaps from lack of a river to divert. But the 
walls themselves, high, crenellated, and ponderously thick, 
stood in no need of any other defence than their strength. 
They hid all but the higher roofs of the town within and 
the walls, in their turn lay half-hidden behind slighter walls, 
cunningly disposed in lines and quadrants, to wear down 
the attacker before he could come within javelin cast of the 
main fortifications. 

Luxmun surveyed them closely from the shelter of a small 
wood some distance away. He could go no nearer for fear 
of being recognised. Between his wood and the city there 
was nowhere to hide: all had been swept clear so that anyone 
approaching should be in full view of the watch-towers. 

Luxmun turned back. He had satisfied himself that the 
man he had challenged was truly a king and the king of no 
mean city. To recover the helmet that Luxmun had thrown 
at Ravan’s feet as a gage would need an army. 

It had been a grim journey. He had set out upon it as soon 
as his wounds were healed, telling nobody of his intention. 
He had found the ruined temple, the place of Sita’s meet- 
ings, but here he had left the road, and asking his way from 
a peasant in the fields, made a great circuit outside the 
boundaries of Ravan’s small kingdom, lest he should fall 
in with soldiers. Then he had come upon a village, the 
shells of its huts still smoking, and bodies, covered with 
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blood, waiting to be burned upon funeral pyres of their 
own beds and boxes. He was told that Ravan had crossed 
his boundary on a raiding expedition the day before. The 
headman had refused homage and had been cut down. 
Retiring from their foray, Ravan’s soldiers Had driven the 
cattle they had stolen over the bodies of the villagers they 
had killed on their way to their raid. When Luxmun ex- 
pressed his horror, the villagers pointed to smoke on the 
horizon and told him that there they had done far worse, 
and killed more slowly. It was the season, they said, for 
Ravan to make war. 

Luxmun returned to the hermitage, and told only Valmiki 
of what he had seen. 

Valmiki said: 

“He is a cruel and bloodthirsty robber. Now that Rama 
has brought us gold, I think maybe he will come here. We 
should make fine sport for his soldiery.’' 

“But not," said Luxmun, “before I have given them some 
sport of my own choosing." 
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Sitas Rape 

R a V AN burned down the hermitage of the Gluttons on 
the night of the next new moon. 

’ His soldiers opened the attack in silence. They 
climbed trees in the surrounding woods and came up over 
the brow of the hills behind. Then they shot arrows tipped 
with burning pitch into the thatches of the semi-circle of 
huts. 

Valmiki was the first to wake. Seeing the roof of the 
neighb(juring house burning, he shouted to wake Rama and 
the others. In answer there arose the bray of war trumpets 
and a pulsing howl, deliberately animal and thus doubly 
terrifying, as the soldiers streamed from the woods and 
down the hill-sides, kneeling every so many paces to loose 
arrows into the conflagration. 

As the first soldiers ran up the path that led to Valmiki’s 
house, Rama came out from his room. An arrow struck the 
wall behind him and as he turned away to look at it he heard 
the animal-like cry, but close at hand. He turned back to see 
a tall soldier, grimacing with the effort of the war-cry, stand- 
ing not twelve feet away. His right arm was flung back 
ready to launch a short spear at the house. Rama, unarmed, 
stood irresolute. The man bellowed again but this time his 
cry rose to a scream. He stood for a moment rigid and then 
fell sideways. An arrow protruded from his left cheek. 

“I can’t expect such luck with the rest,” said a calm voice 
behind Rama, “so I suppose I’ll have to use my head, and 
that’s something I never like doing.” 

Rama turned to see Luxmun kneeling outside the door- 
way to his room; his bow was still trembling from the arrow 
wliich he had just loosed. He stooped, took another from 
where it lay by his knees, and sent it after the first, but 
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a little higher so that it fell among the fallen soldier’s com- 
panions. These, hearing the unmistakable sound of a war- 
rior’s bow, fell back, and turned their attention to more 
peaceable huts. 

Valmiki came to the verandah, his arms round the woman 
and the boy who were his servants. Luxmun told Rama and 
the others to go into the room behind him. He did not move 
his stance, but allowed them to step past him as best they 
might while he sent arrow after arrow towards the great tree. 
Sita, behind him, handed the arrows to him as he needed 
them, stroking the feathers on the shaft into place as she 
did so. 

When all were in shelter behind him Luxmun said: 

“The house is as good as gone. Even if it doesn’t catch 
fire they can still surround us. I can hold them here in front, 
but they’ll come hopping down the terraces behind like a 
crew of monkeys. Brother, take the javelin you’ll find next 
my bed and your bow; Sita, bring the rest of my arrows; 
Master Valmiki, get your poem or these barbarians will use 
it to fry their fish. I know soldiers. I am one. I shall bring 
the gold. All of you, go, please, to the carob tree on the 
terrace, lie down, and wait for me. Aha, you damned 
jackal,” he ended, as evenly as he had spoken all along, and 
the shadow that he had thus addressed ran screaming into 
the darkness, tugging an arrow from its middle. 

When they had obeyed him they could see, as they lay 
among the great roots of the carob, the sack of the hermit- 
age. A half-circle of fires marked the huts. Here and there 
a naked or near-naked hermit lay sprawling on the earth. 
One had a spear through his belly pinning him to the 
ground. With horror Rama saw that the man’s limbs still 
moved. 

Then he saw the mild and venerable Jabali, he who had 
answered all his questions, driven naked with obscene 
thrusts and pricks of a spear towards the great tree. There 
he was made to bow down to the ground before a tall man 
in black armour who was taking no part in the sack, but 
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who was directing it with shouts and encouragements to the 
soldiers. 

“Who is that?” asked Rama, and Sita, staring fixedly at 
the man, said: 

“Ravan.” 

Luxmun climbed the steps that led to the terrace, grunt- 
ing with the effort of carrying the mule-bag of gold. He 
warned Rama to watch the hill behind them, from which 
they were separated only by a low wall that was fully com- 
manded by the slope of the hill. Then he returned down the 
steps for the second bag, refusing any help. 

Rama watched the dark hill for a while, but a burst of 
laughter from below him drew his attention. 

One of the soldiers by the tree was now performing 
a clumsy imitation of a male dancer and his companions 
with the help of their javelin points were forcing Jabali 
grotesquely to follow his movements, as though he were 
a woman. When he tottered, they dragged him upright by 
his beard, tearing out the hair. The tall black figure of Ravan 
did not move during this savage game, but Ravan watched 
and did not stop them. 

“They must be drugged with hashish,” said Rama. 

Valiniki shook his head. 

“Hashish takes a man out oi himself,” he said. “These 
have needed nothing. Perhaps a little wine, to make the 
blood run faster. Nothing else.” 

Luxmun returned to them with the second bag and, him- 
self took charge of watching the hill. Seeing, as he thought, 
a shadow move, he drew his bow but the bowstring snapped 
under his fingers. He asked the boy to go down and get 
another, but the boy, trembling, could not move for fear. 
Valmiki said that he would go, but Sita forestalled him. 

“If they attack, a woman will be no use here. I shall go 
and fetch it,” she said and when Rama protested she said 
that it would be safe for a while, since the soldiers were busy 
tormenting the old man. Before they could stop her, she had 
gone. 
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They began shouting under the tree and Rama saw that 
Jabali had fallen prone on the ground. A soldier was beating 
him with a spear-butt, but Jabali did not move. Then the 
soldier reversed the spear and jabbed it repeatedly into the 
old man’s shoulders. His victim began screaming. 

Rama, maddened with rage, got up, shouted, and drawing 
his bow, shot an arrow. The light of the flames shone on his 
bronze figure, and flashed from the mounts of his great bow. 

The arrow fell far short of the tree. But Rama’s shout 
had been heard by the soldiers and they now stopped their 
torture of the philosopher and gazed up at the terrace. 

Then Rama saw Sita walk across the space between the 
house and the tree, go up to the soldiers, pass among them, 
and bow to Ravan. The man in black armour bowed pro- 
foundly in his turn, and Sita and Ravan appeared to talk. 

Jabali, bleeding, crawled away. 

“They’ll come at us now,” said Luxmun. 

But the soldiers did not. Some shouted; others loosed 
arrows up at the terrace, but wildly, as if jesting. Sita and 
Ravan still stood together. 

Then a horse was brought from the woods beyond the 
hermitage. Soldiers held it steady for Ravan to mount. 
When he had done so, he reached down his hand to Sita 
who took it. Soldiers assisting her, she mounted the horse 
behind the man in black armour, and together they slowly 
rode away. 

The soldiers, picking up their bows and lances, followed 
in a disorderly group. In a few minutes the watchers on the 
terrace could see no more sign of them. 

Not daring to speak to one another Rama, Luxmun, and 
Valmiki went down and, in the light of the fires, they suc- 
coured the wounded and covered the terrible postures ot 
the dead. 

Forlorn, bleeding, with some wandering on their wits, 
the surviving hermits were shepherded away from the 
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blackened hermitage by Valmiki and the princely brothers. 
Valmiki led them some miles to the town of a nobleman, 
a self-styled prince, with a tiny Court and much pomp, or 
as much pomp as his annual tribute to protect himself from 
Ravan would allow. 

Hearing Rama’s name, he welcomed the fugitives. When 
they had rested in the ornate little palace for a day, Luxmun 
showed their host the gold that Ravan had not been able 
to find. Then he, speaking through the lips of the noble- 
man, showed Rama the only path that was honourably left 
to him. With his gold, he could rally the nobles, the rajas, 
and the princes who had suffered for many years under the 
royal brigandage of Ravan, and lead them to their revenge 
on Lanka. 

There was no gainsaying the nobleman’s argument and, 
well grounded by Luxmun in Rama’s way of thinking, he 
put his points well. Since Rama had not taken the saffron 
robe, he was still a prince, and a prince whose wife had been 
stolen by a petty, if formidable, raja. He must redress the 
injury, or forfeit his rank in the eyes of his equals, a thing 
which was not only a disgrace but a sin against the com- 
mandments of the gods. The gold would start an alliance 
which would soon grow of its own accord into a great 
army. But great armies needed a leader and the allies would 
fight among themselves if they were left to choose one from 
their own ranks. Rama, with Sita stolen, was the choice 
above all contention. 

Rama bowed to this reasoning. Luxmun, well pleased 
with his work, instantly set out in Rama’s name to the sur- 
rounding rajas, and began his work of persuasion and 
bribery. 

“But,” said Rama, again and again to Valmiki in the long 
weeks of waiting that followed, “she was not stolen. I saw 
what f saw. She went willingly on that blood-soaked mon- 
ster’s horse. I saw her. I say, I saw her. What am I to 
think?” 
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It was plain enough from his looks and gestures that he 
had already made up his mind what he should think of her 
flight: and when Valmiki’s servant told him* that Sita had 
once said that she had met Ravan in a ruined temple, he did 
not attempt to hide the rage of jealousy which was eating 
at his heart. 

He was sitting one hot night with Valmiki on a small 
terrace that the nobleman had built in imitation of the cool 
promenades of marble which greater princes had on palace 
roofs. He said to Valmiki: 

“Everything that I set out to do when I left Ayoda has 
been brought to nothing. I am not a philosopher. I am a 
warring prince. I am not a hermit: I am living in a palace: 
and I am not chaste as the sages say one should be, but I am 
on fire with jealousy. I think continually night and day of 
what she may be doing, what I fear she must be doing, in 
Ravan’s bed. But still, I have learned some few things, and 
I have grown more than a little wiser. Looking back, I see 
that this is due to your instruction. Have you anything to 
say that can cure a man of this base passion of jealousy.^” 

Valmiki thought, then smiled his deep smile until it grew 
into a grin. 

“I have nothing to say about the passions of princes of 
royal blood. Such things are too great for me. But I do 
remember the advice that was given to four fishermen and 
since it came from a god it should be worth considering.” 

“I shall be glad,” said Rama, “to hear any advice that 
comes from a god. Tell me what it was.” 

So Valmiki, to lighten Rama’s dark thoughts of Sita and 
Ravan, began the tale of the four jealous fishermen and 
their nocturnal adventures. 
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The Nocturnal Adventures of the 
Four Jealous Fishermen 

T here were once (said Valmiki) four fishermen who 
led honest and simple lives and fished in the Rann of 
Kutch. Their names were as simple as their lives. They 
were called Luckyman, Stumbler, Quickly, and Shy. These 
were the names that the other fishermen called them by, and 
if they were neither ancient nor dignified names, they fitted. 
Luckyman was a handsome young fellow for whom every- 
thing went right. Stumbler was square and slow and was 
never sure of his feet or himself; Quickly was forty and 
knew all the tricks of fishing — it was a pleasure to watch the 
deft way he worked a boat; while Shy, the youngest, was 
shy. 

They lived in a village which was built on a mud-flat. It 
faced an inlet of the sea which was flatter than the mud and 
even more dull to look at. There was nothing whatever in 
the village or its surroundings to take the fishermen’s minds 
off fishing, except, their wives. 

Now Luckyman, Stumbler, Quickly, and Shy all had 
wives of considerable beauty. It chanced that way; there was 
no design in it. Their wi\cs had been chosen by their parents 
and their parents had chosen the girls because their dowries 
were the best bargain going at the time. Luckyman, Stum- 
bler, and Quickly had been married when they were seven, 
but Shy had been made to wait until he was twelve because 
he, by some freak, matured late. The dowries that Quickly 
and Suimblcr received were much less than Luckyman’s 
haul: while Stumbler’s wife tippled. But in spite of these 
differences. In the matter of womanly attraction, there was 
nothing to choose between them. Luckyman, Stumbler, and 
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their two companions were all as proud of their wives as they 
were of The Dancing Woman. 

This was their boat. They had built her tjiemselves and 
she had cost most of the four dowries: but she was a beauti- 
ful boat, as sleek and quiet in flat water as a well-fed buffalo, 
and when she got into the ocean leaping to the waves so 
gracefully that she seemed to arch her back. She was black, 
with two painted eyes in her prow, a lateen sail, and a high 
red tiller. In front was a boom, bright yellow, from which 
they hung the iron basket that carried a fire. The fishes 
would come to look at the fire and while Quickly steered the 
boat in a circle, Luckyman and Shy paid out the net and 
Stumbler watched that it did not foul. Then they would hit 
the sides of The Dancing Woman with sticks to frighten the 
fishes. An hour of this, and then all four would haul the net 
aboard, the fishes tumbling out of it, gleaming in the light 
of the fire like the money that the fishermen earned next 
morning. 

But there lay their trouble. They had to fish at night. 
They launched The Dancing Woman at sunset and they did 
not turn her prow for home until the light began to whiten 
the sea. Then there was the selling to do. This called for a 
long cold trot across the mud-flats with the baskets swinging 
from poles across their shoulders, then a haggle with the 
merchant, and much standing around maybe for an hour 
shivering in the wind from the sunrise, while the merchant 
wrapped his woollen shawl about him and beat them down 
till their toes were blue. After that came a long trot back 
home to a sleepy wife blowing up the charcoal fire to cook 
breakfast — a welcome sight, no doubt, but only if you could 
be sure that she had slept on her own, as a good wife should, 
all the previous night. 

But could they be sure.^ This was the question that vexed 
Luckyman and Stumbler, Quickly and particularly young 
Shy, whose wife was the youngest of all and therefore the 
most tempting. When the boat was running well, when the 
fish broke the nets with their weight, when even the mer- 
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chant forbore to screw them for the last rupee, neither 
Luckyman nor Stumbler, Quickly nor Shy, could be happy. 
This doubt prevented them. 

Sometimes Luckyman would be staring down into the 
water where the light made an emerald pit in the darkness, 
and he would say: 

“I wonder.” 

Then Quickly would begin to wonder, too; Stumbler 
would hang his big square head and stick out his lower lip, 
wondering slowly (for Stumbler had some difficulty in 
making his brain work), while Shy would sit in the stern 
and blush, for he had no difficulty in making his mind work 
whatever, especially on such topics, being young and vigor- 
ous and very fond of his wife. 

Of course they kept vv^atch. They watched the lights of 
the other fishermen’s boats and if one turned homewards 
earlier than the rest, instead of going to bed next morning 
they stayed awake, red-eyed and irritable, and they would 
pester the villagers, until they had found out the reason, 
which, when they found it, never satisfied them. But even 
then, there were days when the fish shoals were on the run, 
and the fishermen had to chase them for an hour or so before 
they settled round the light. The Dancing Woman would 
show her paces, and take them fast and far away from their 
companions. And then, when the others were out of sight, 
who could tell what they were doing.^ What was there to 
stop an amorous fisherman — even a boatload of four — 
creeping back to shore, jnd nobody the wiser.^ Besides, not 
all the villagers fished. Some of the young men were net- 
menders, a daytime job and very monotonous. If the young 
net-menders’ thoughts weie anything like their jokes, what 
woman could be safe.^ Net-menders were Quickly’s especial 
worry because one morning, after a shark had got among 
their tackle during the night, Quickly’s wife had said: 

“I’ll take the nets to the mender’s, Quickly. You rest 
yourself. You look tired.” 

Quickly’s suspicions had been instantly aroused. It was 
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not a wife’s duty to take care of the nets, however solicitous 
for her husband she might be. He was not a man to dawdle in 
anything, and he could put two and two together faster than 
any man. He did, and his peace of mind was destroyed for 
a month. Stumbler was in a worse case. He could not put two 
and two together at all, and so he was driven to suspect 
everybody. Luckyman, who knew how to put things in a 
breezy manner tried the device of joking with his wife about 
the cow-herds, men again, with little to occupy their minds 
during the long hot day. His wife laughed long and heartily 
and kissing him, dropped the matter and never raised it again 
— in all as unsatisfactory state of affairs as could well be 
imagined. 

Shy said nothing, but every time his wife raised her eyes 
in the presence of another man he was immediately sure that 
they both were laughing at him, for he was convinced that 
there was not a man in the village who could not make a 
better show at making love than he. 

Such, in the small hours, by the light of the lamp reflected 
from the water, were the gloomy thoughts, night after night, 
of the four jealous friends. It was fortunate that The Dancing 
Woman was an intelligent and friendly craft. Otherwise 
many a time when her owners were sunk in reverie, she 
would have got herself stuck on a mud flat. She kept them 
afloat; but she could not keep them fishing, and as the 
months wore on Luckyman, Stumbler, Quickly, and Shy 
caught less and less fish and grew more and more certain that 
someone was sleeping with their respective wives. 

Now for many years it had been the custom of the four 
friends to stop at a temple on their way back from selling 
their fish and to give the Brahmin who looked after it a tenth 
part of the money they had made, as a devout offering. They 
would ask him to pray for success for their next catch, wlach 
he always did very heartily. Thinking about this one night 
at sea. Quickly, who was wondering whether they ought not 
to give up the practice now that their earnings were growing 
so small, was suddenly struck with an idea. The next morn- 
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ing, instead of handing the priest the money, Quickly kissed 
the hem of his robe and said, “Master, we are simple men but 
our souls are very troubled. We want you to help us.” The 
Brahmin who had not previously thought about the fisher- 
men’s souls — he had, after all, been asked to pray for fish — 
looked somev4iat doubtful. 

“ I am not at all sure that it is proper for you to have 
troubled souls,” he said, shaking his fat chops at them. 
“Whatever the bother is, you must submit to the will of the 
gods. They have planned everything that has ever happened 
in the Universe and if you four fishermen don’t happen to 
like it, well, that’s a sad state of affairs, of course, but I doubt 
if the gods will 'liter their plans because of it.” 

Stumbler and Shy were abashed at this rebuke. Even 
Luckyman was a little out of countenance. But Quickly, 
once more kissing the hem of the Brahmin’s robe, said: 

“Master, we do not want the gods to alter the Universe. 
We are only humble men, and if the gods have arranged that 
other men should sleep with our wives, we think that it is 
fine, but we would just like to know who is doing it.” 

“Oh?” said the Brahmin. “O/// O— ho-ho— At?.” For 
although he was aware that the things of this coarse and 
material world are all illusion, he had also discovered — 
during long hot afternoons spent on his bed flat on his back 
— that some illusions arc more interesting than others: and 
in the category of interesting ones came the wives of Stum- 
bler, Luckyman, Shy, and Quickly. 

“So that is what is troubling you,” he went on. “Who 
d’you suspect.^ — how did you find out.^ — how long has it 
been going on.^ — Does anybody know? Does anybody 
guess? Ts :i the same man for all four of your wives? Or a 
different one for cacji? When does it happen? — \^^hat hap- 
pens? Well if you’re all going to sit there with all eight of 
your jaws clenched shut hnd not telling me a single fact you 
can’t expect me to help. Answer me.” 

“Master,” said Luckyman, “we will. But we were waiting 
for you to stop speakiri^” 
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“Well,” said the Brahmin, sitting back on his large 
haunches. “I have stopped. Who d’you think it is.^” 

“The net-mender,” said Quickly. 

“The . . . what do you call-him,” said Stumbler, as the 
Brahmin looked at him. The Brahmin clicked his tongue 
against his teeth impatiently and Luckyman supplied the 
word. 

“That’s right. The cow-herd,” said Stumbler. “I suspect 
the cow-herd.” Sliy, flushing, said he suspected everybody, 
and Luckyman, seeing that the Brahmin was growing im- 
patient again, said that he thought that the man in his case 
was the foreign fellow who came round selling wooden 
bracelets. 

“Have you any proof?” asked the Brahmin. 

“It’s the way my wife talks,” said Quickly. 

“Eh? Proof?” said Stumbler. “Oh. Proof. No. No proof.” 

Shy said: 

“I’m sure it’s somebody. I feel it in the pit of my stomach,” 
while Luckyman turned the habits of the bracelet seller over 
in his jealous mind, and said: “Why should he always come 
just when the boats set out?” 

All four had the feeling, now that tliey were faced up with 
the question, that their answers did not amount to very 
much. 

But the Brahmin, it seemed, needed even less proof than 
they did. 

“So you want me to ask the great god Shiva, who knows 
everything, to reveal the names of these scoundrels?” he 
said, and when they all nodded, he went on to be most 
affable and accommodating about the fee. They could pay 
when it was convenient, but they must promise faithfully to 
report all their suspicions and of course even the slightest 
actual fact every day as they passed the temple. 

“But,” said Quickly, “if the great god Shiva knows every- 
thing he’ll know all that too.” 

“If your fish,” said the Brahmin rudely, “stink as much 
as your theology, I quite see that I shall never be paid.” 
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It was true that none of the fishermen knew even the first 
principles of theology; but they knew one of its leading con- 
clusions, which is that it is a very bad thing to contradict 
a priest. So they said they were sorry, promised to do what 
they were asked, and left. 

Now in the Rann of Kutch (Valmiki went on) the great god 
Shiva was held to be one of the most powerful of all the gods. 
Every day from temples all over the land the god’s ears were 
assailed by millions of prayers and his nose by the smell of 
seas of clarified butter. He had one additional eye in the 
middle of his forehead with which from time to time he 
reduced unfortunate human beings to a heap of ashes. He 
concerned himself with the potency of the organs of genera- 
tion, a more amiable characteristic and one which accounted 
for a good number of the prayers and most of the butter. 

He was deeply revered and very popular. The blessings 
of the other gods, such as wealth and good fortune, were 
erratic. The blessings of Shiva were children and these came 
to his worshippers with a frequency that spoke well of the 
god’s concern for his devotees, and, as the priest explained, 
when they were male children (which everyone wanted) it 
was clearly the mercy of Shiva at work, and when they were 
not, it was as clearly due to the wickedness of the wor- 
shipper. In this way the god could do no wrong. In any case, 
he could do no wrong because he was a god and a god can- 
not do wrong by definhion. However any two arguments 
are better than one, even if neither is a very good one. 
Great, in any case, was the glory of Shiva and his priests 
reflected it in their rotund faces which were like copper- 
coloured moons. No man who had received the favours of 
Shiva could not be so ungrateful as to leave his priest unfee’d, 
and no man who wanted them would be so unwise. 

Thus the Brahmin in the village of the four jealous fisher- 
men was able to take life easily. It added to his peace of mind 
that he did not believe that Shiva existed. After a lifetime of 
praying to the god, preaching about him, and offering him 
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sacrifices, he had come to the conclusion that Shiva was a 
great deal of nonsense. Cautiously discussing this with 
fellow-priests of a similar age he found that they had arrived 
at the same opinion themselves. But though they all thought 
Shiva an old wives’ tale, they did not find that this hindered 
them in the discharge of their religious duties. No man can 
be at his best as a public figure if he feels that at any moment 
his superior will open an eye and burn him to ashes. “No- 
body,” as they reasoned — although strictly in private — 
“lives his life on the supposition that he might at any 
moment be struck by a thunderbolt. Nor can we. Nor need 
we. As far as commonsense and a strict attention to the facts 
can show us, Shiva docs not exist.” 

But he did. Not only did he exist, but he was often in the 
fishermen’s own village; and not only was he often in the 
village, but he was fond of sitting outside his own temple. 

On such occasions his third eye was kept tightly closed 
and it therefore appeared to be no more than a dignified 
wrinkle on a brow which was scored with the lines natural 
to a profound and benign philosopher. This is what Shiva 
would have passed for, except that his eyes were so bright 
and lively, and his glance so darting that he had something 
of the look of a travelling charlatan lying in wait for a dupe. 
This impression the god increased by wearing the robes of 
a member of a religious community vowed to poverty. In 
this way he was able to sit, quite ignored, at the temple gate, 
save for worshippers who threw him a coin, but who 
immediately looked away in case (as was the habit of holy 
mendicants) he should ask for more. 

It is Shiva’s duty to destroy the earth: he may do it when 
he pleases and what we call History is merely Shiva’s pro- 
crastination. He was given this task by Brahma the Creator, 
a greater god even than Shiva; a somewhat profounder 
thinker but less sympathetic. Brahma made the world and 
peopled it with human beings. Having watched the result for 
several dispassionate millennia, he summoned Shiva (this 
was about eight hundred years after men had discovered the 
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wheel) and said, “I can take all this to pieces again but it 
would be tedious and I am otherwise engaged. Destroy it or 
preserve it as^you please.” He then dismissed him with the 
toppling courtesies that pass between the all-powerful gods 
on the rare occasions of their meeting, and Shiva, after wait- 
ing a polite century before looking at his gift, came down to 
earth, the first of many visits. 

It was his habit to take a turn or two about the world, 
observing us, and then to seat himself upon a mountain 
preparatory to raising his third, apocalyptic eyelid. But he 
would consider us for a moment (no-one knows but it is said 
that he has spared us eleven times) and say, “I have noted 
that in the souih-eastern corner they have given up eating 
one another: who knows (save Brahma who is otherwise 
engaged) they may even rise so high as to give up the habit 
of burying a living child in the foundations of their houses.” 
So saying, he would quell the fluttering of his eyelashes and 
wait for another few centuries. Once more he would go here 
and there and finally seat himself on his mountain. Once 
more destruction w^ould tremble in the balance of his lucid 
mind. He would say, “I have observed that in the western- 
most areas they no longer found their houses in innocent 
blood; who knows (save Brahma who may not be disturbed) 
whether in time they will give up founding their nations in 
it.” And so, here we are today. 

Thus it was no coincidence that Shiva sat outside the 
fishermen’s temple, for he was attracted to human folly, and 
the prayers of the fishermen, reaching his cars even though 
garbled by the perfunctory Sanscrit of the Brahmin, never- 
theless ii: rerested him profoundly. Having made it his busi- 
ness to find out the truth, he had discovered that the wife 
of Luckyman, the w'ifc of Stumbler, the wife of Quickly, 
and the more newly wedded wife of young Shy were all 
chaste and all virtuous and all respecters of their husband’s 
beds. 

The Brahmin had discovered the same thing, and this is 
to his credit. His credit lies in the fact that he had less 
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resources than the god. He could not make himself invisible, 
or pass through mud walls, or cross-question the village 
dogs. But he had another instrument. He was known as a 
man who was scandalised by other people’s moral delin- 
quencies. He was rewardingly shockable; his facial exjpres- 
sions of outrage were dramatic and exquisitely apt. He 
practised them daily. Therefore, every piece of scandal was 
tried on the Brahmin as a coin is rung on marble. But he had 
found that hint and fish as he might among the old women 
and the old men of the village, not a word out of place ever 
came his way about the wives of his four petitioners. So he 
concluded that they were faithful. 

The Brahmin had sighed and dismissed the matter from 
his mind. If he was not wholly gratified at this evidence of 
upright living among his parishioners, it was not from any 
base motive. He was a man of balanced outlook: he admired 
the virtue of the women but doubted the enterprise of the 
young men. But if he could dismiss the matter from his mind 
he could not get rid of the four jealous husbands from his 
temple. 

They came regularly each morning and as regularly the 
Brahmin told them that Shiva had not deigned to give an 
answer. Finally he told them that in his opinion there never 
would be an answer. Possibly (he said) their wives were 
virtuous. They came again next day, all four this time as 
mute as Stumbler, but still determined upon an answer. Posi- 
tively (the Brahmin said) their wives were virtuous. Since the 
god had not answered, there could be no doubt about it. He 
bid them goodbye, and told them that they should be happy 
men. 

They were nothing of the sort. They were jealous men; 
they had distrusted their wives, for months, and few things 
bind men together in comradeship more than being cuckolds. 
It is a silent communion, a wordless sympathy, and Lucky- 
man, Stumbler, Quickly, and Shy felt it, every night: and 
they were not at all happy to think that they were going to 
lose it. 
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Again, they had been married for money. Their wives 
were beautiful but not always interesting; or at least they had 
not been so before they were suspected. Now every one of 
their words was anxiously absorbing: none of their gestures 
was allowed to escape unnoticed; while in the marriage bed, 
the thought in the minds of the jealous fishermen that they 
might have been supplanted and — worse — surpassed, urged 
Luckyman and his three friends on to perform prodigies. 
This always has its interest for the performer, especially in 
retrospect. Previously, their usual conversation aboard The 
Dancing Woman had been about the admirable performance 
of their boat. For all save Shy, this now gave place to the 
discussion of things in which they could take a more vivid, 
though not less technical pride. Shy did not take part in these 
conversations, but from no more shameful reason than his 
habitual modesty. He agreed with the others that a new in- 
terest had been added to their lives and regretted, as much 
as they, the risk of it being taken away. 

Lastly, their jealousy had made them men of importance 
to themselves and — what with their temple comings and 
goings, their questions and veiled looks — men of mystery 
to the rest of the village. 

Could it be that all this was built upon their own mistaken 
fancy.^ They turned tlie question over in their minds. Stum- 
bler scratched his head, Luckyman looked gloomy, Shy 
wrung his fingers, but Quickly gave the answer: no. They 
went back to the temple and saw the Brahmin. It was a day 
in which Shiva was sitting outside his shrine, and the god 
heard their conversation as they came out. 

Quickly was saying: 

“A silver net! Even if it is only as big as my hand, that 
will cost a great deal of money.” 

Stumbler kicked the stones unseeingly as he walked with 
his companions past the disguised god and muttered: 

“A silver man no bigger than . . . what is it . . 

“Your thumb,” said Luckyman, “that’ll be fifteen silver 
pieces just for the metal. Then what is my bracelet going to 
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cost, do you think? I’ll have all the fiddle-faddle of decora- 
tion to pay for and . . 

“ . . . and where shall I get a silver phallus?” said Shy, 
“How can I ask the silversmith to make one?” 

“Still,” said Quickly, “if it works . . .” 

“If the god Shiva is pleased . . .” said Luckyman. 

“And he tells us what we want to know,” said Shy. 

“You mean . . .?” said Stumbler. 

“The names of the men who are sleeping with our wives,” 
said Luckyman, nodding. 

“And you see,” said Quickly, “that priest does think 
there’s someone for all he tried to put us off. Testing us, 
that’s what he was doing. Very clever, these priests.Testing 
us, you sec. But ail the while lie knew there was something 
in it, or else he wouldn’t be putting poor men like us to the 
expense of these presents to the god, would he?” 

“I wonder,” said Stumbler, “what he’ll do with them?” 

“Who?” said Luckyman. 

“The Lord Shiva,” said Stumbler, and swore as he 
stubbed his toe. 

More the god could not hear, for they were too far away 
for the human cars which he had assumed when he disguised 
himself as a holy mendicant. 

But he had heard enough to tell him that his priest was 
up to some rascality. The third eye in his forehead which 
looked so like a quizzical wrinkle, moved slightly. The bark 
of a nearby willow shrivelled and gave off smoke. 

The god rose. The god entered his own temple. The god 
greeted his own priest. His own priest waved a careless hand 
at his own god and went on with his task, which was pouring 
melted butter over the great stone lingam. 

“And there’s not a word of truth in the whole thing,” v.iid 
the Brahmin when he had explained the case to his visitor. 
“It is all their imagination. They stare into those fishing 
lights of theirs and addle their minds.” 

“Poor fellows,” said the god, and in his disguise as a holy 
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mendicant he found it easy to throw a touch of mockery into 
his voice. “And now they’ll be poorer than ever.” 

“Ah,” said, the Brahmin, smiling across his broad face 
“so you know about the silver votives?” 

“Yes,” said the god. His third eye moved very slightly 
thus giving him an expression of worldly cynicism. 

“I know what you must be thinking, but how else was I 
to get rid of them.^” asked the Brahmin. “You won’t believe 
me, but I hope, I do actually hope, they will not be such 
thundering fools as to have them made. But they will. I 
know it. And I shall have to take them. I see that you smile. 
Well, I don’t blame you. But this is a small place and if I 
didn’t take them I would lose all my influence. Still, simple 
tricks for small places, big tricks for big ones. ... I sup- 
pose,” said the Brahmin, with friendly envy, “that 
been to the holy city of Benares.” 

“1 have,” said the god. 

“I’ve always wanted to go. Always,” said the Brahmin 
sighing. “Conversation: that is what I miss so painfully here. 
Perhaps,” he said facetiously, “a good long chat will be my 
heavenly reward.” 

“The conversation of the gods,” said Shiva, “is very 
sparing.” 

“Ah, the gods!” said the Brahmin, slowly closing one eye, 
“the gods are very accommodating when it comes to things 
that they like. I’hey like . . .” 

“Holiness,” said Shiva. 

“For one thing,” the Brahmin amiably agreed. “And for 
another,” he paused, and then reaching under the altar steps 
(which he could conveniently do because he was sitting on 
the bottom one) he groped about. “For another,” he re- 
peated, bringing out a gleaming brass container by its lid 
“they like cold boiling fowl spiced with a little cardamon 
seed.” He took olT the lid and snilfed the odour of the food 
inside. 

“The great and good god Shiva has a great partiality for 
boiled fowl oft’ered by devout persons who are also good 
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cooks, hasn’t he?” The Brahmin, winking again, hospitably 
held out the brass receptacle to his guest. 

“Yes,” said Shiva, and took a piece of chicken. “This 
man,” he had told himself only a moment before when he 
had almost determined to destroy him on the spot, “this man 
is a rascal and does not believe that I exist. But after all, he 
is better than those others who are rascals and believe that 
I do.” He thus ate the chicken with a tranquil mind, and with 
a sufficiently human palate to cast a silent blessing on the 
cook (for ever after her chickens were plump, much to the 
envy of her neighbours). 

When they had finished the chicken, they washed their 
fingers and gargled their throats at the well behind the 
temple, spitting out water to the North, the East, the West, 
and South as ritual prescribed. They then sat in the shade of 
one of the buttresses and Shiva said: 

“Now supposing there were a way of curing these four 
fishermen of their jealousy, would you use it?” 

The Brahmin was picking his teeth. 

“Yes, but there isn’t.” 

“You mentioned Benares,” said Shiva. 

“Ah, Benares,” said the Brahmin, and sucked some 
chicken out of a cary. 

“When I was in Benares I was given a powder for use 
in just such a case as this,” said Shiva. “The man who gave 
it to me is a very famous rishi. You take it with a little water 
and it enables you to be in two places at once, although you 
are visible only in one of them. By using it a man can go 
about his daily work and still be with his wife — unseen, of 
course, but seeing everything. Since you say that there is 
nothing to see, your fishermen should soon be cured.” 

Thus Shiva: and in saying these words he set philosophers 
a problem, in the solving of which heads may yet be broken 
and blood still flow. For the gods, by their essence, cannot 
lie. But Shiva lied. There was no sage in Benares who gave 
him the powder. There was no magic powder. It was only 
a little red earth which Shiva had quickly scooped up from 
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the temple compound while the Brahmin had turned his back 
to clean his teeth. The god had put it in the small wallet that 
hung at his waist. Now, opening this leather bag, he showed 
the Brahmin the dust. 

The Brahmin, smiling, shook his broad round head from 
side to side. 

“You forget,” he said, “that this is not Benares. It is a 
little fishing village.” 

“I do not forget,” said Shiva. 

The Brahmin ignored him and went on: 

“As the guru who taught me the elements of my job 
always said to anyone who was going to take up a cure of 
souls in an unknown village, ‘My son, the smaller the place 
the fewer the fools.’ ” 

“That may be a remark showing worldly wisdom,” said 
Shiva, “and it may also show rather more worldly wisdom 
than is fitting in a holy man, but it has nothing to do with 
this powder.” 

“It has everything to do with it,” said the Brahmin. “In 
a little place like this a priest can’t afford failures. If I was 
a priest in Benares or Ayoda and I gave this to some simple- 
ton and — of course — it didn’t work — how could it^ Ha! . . . 
well, there would always be hundreds of other fools and 
temple-haunters to swear for the honour of their priest that 
it worked very well with a friend of their first cousin some 
ten years ago. But here — well, as my guru said, there aren’t 
enough fools to go round. I should lose my credit.” 

“But if it did work, your credit would be increased,” said 
Shiva, “wonderfully increased.” 

The Brahmin’s broad mouth opened in a bellow of 
laughter. He struck Shiva on his knee. 

“And so would yours, my good friend,” he said, wiping 
his eyes, “in all the towns in which you’ve sold it. But I don’t 
think you’ll go back to find out if it has. Ho! ho! ho! That’s 
where you foot-loose fellows have the advantage of us poor 
fixed priests. Onwards to holiness eW Never look back, eW 
You never know who might be after you with a pitch-fork!” 
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With which he burst into more loud and friendly laughter. 
But suddenly he stopped. 

“What is that,” he said, pointing with a thick finger to 
the wallet. There was something half buried by the sand. 

“I do not know,” said Shiva. 

The Brahmin prodded the sand and took the object up 
between his fingers. It was a small beetle of carved stone. 
The Brahmin held it up and looked covetously at it. 

“Do you know what it is.^” he said. 

Shiva said: 

“No. The wallet belonged to a dead member of our order. 
He passed it to me a few days ago.” Thus simply did the god 
describe the miracle he had performed taking on the human 
form, the dress, and the wallet of a man who had fallen dead 
a moment before he did so. 

“It’s from Egypt,” said the Brahmin. “It’s a great bringer 
of good luck. A priest I knew had one and he discovered 
buried treasure.” 

“You believe in this Egyptian fable.^” asked Shiva. 

“I do and I don’t. Well, then, yes I do.” 

“Would you like it.^” 

“Yes. Yes indeed,” said the Brahmin, his eyes glittering. 

“Would it not, do you think, be better to pray to the great 
god Shiva for anytliing that you may want.^ Y ou are his priest.” 

The Brahmin grinned and shrugged his shoulders. 

“You should know the answer U) that,” lie said. 

The great god paused. He thought of the millions of 
prayers that he ignored daily. A god is nothing if not 
magnanimous. 

“I grant you your point,” lie said. “I shall give you this 
if you will do one thing.” 

The Brahmin closed liis large hand over the amulet. 

“Yes, yes. What.^” 

“Give the powder to the fishermen. Tell them what it is 
for and tell them that they must put as much as they can hold 
between finger and thumb in a jar of water and drink the 
water fasting.” 
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“Is it a drug?” 

“No more a drug,” said Shiva, “ than the common earth 
that is beneath our feet.” 

“Well, if you’ll indulge my fancy. I’ll indulge yours,” 
said the Brahmin, opening his hand and gazing at the scarab^ 

“And now,” said Shiva, “I must go.” 

“Onwards,” said the Brahmin, “to holi . . .” but when he 
looked up from his amulet to wink, the god had gone. 
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XI 

The Tale continued 


T he next night four silent fishermen launched The 
Dancing JVoman^ silently lit the lamp, laid nets with- 
out a word, and sat down upon the thwarts to await 
the miracle. 

Quickly was the first to break the silence. 

“Is everybody here.^” he said. 

Luckyman looked at Stumbler, Stumbler at Shy, Shy at 
Quickly and then each checked the others. 

“Yes.” 

“Yes.” 

“Yes.” 

“Well, then,” said Quickly in a whisper, “is anybody 
anywhere else.^” 

None of the three dared answer, in such awe were they 
of the magic powder, but by the light of the lamp Quickly 
could see them slowly shake their heads. 

“Nor me,” he said, and sighed. 

Then after a silence: 

“You all took it the right way,” he asked, anxiously, 
“and drank every drop.^” 

“Every drop,” said Luckyman. 

But Stumbler, lifting his heavy face, said: 

“Drop of what^” 

“Water,” said Quickly. “The water you had to put the 
powder in.” 

“Oh,” said Stumbler. He groaned. “Did the priest say 
water.^ I forgot.” 

“Forgot.^” said the other three in horror. 

“I sprinkled it on my curry and rice,” said Stumbler. 
“I wonder what’ll happen to me now.^” he added, miserably. 
“You won’t be in the place you want to be,” said Quickly, 
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in a threatening whisper. “You’ll be in some deep, deep 
hole, miles underground with devils pricking your bottom 
and serve you right for being a silly . . 

“Sh!” said Luckyman. He held up his hand. The light 
from the hrazier at the prow lit up one side of his brown 
figure and his handsome face. 

“She’s going to bed,’’ said Luckyman. “She’s loosening 
her hair. She’s yawning.’’ 

Theivthe other three knew that it had happened to Lucky- 
man first. 

“Is she alone.^’’ whispered Quickly. The sea was quiet 
and there was no noise save the tapping of the water on the 
side of The Dancing fP'oman, as he waited for the answer. 

“Quite alone,” said Luckyman, at last. 

“Can you touch lier.^” said Stumbler. 

There was another pause. Luckyman made no move ex- 
cept that he allowed his raised hand slowly to fall to his 
knee. 

“I touched her,” he said. “She felt it. But she brushed at 
her shoulder as though it was a fly.” 

“I can hardly believe it,” said Quickly. “It seems such 
an impossible thing to . . .” His voice faded. Then in a dif- 
ferent tone he said, “So that’s where she hides the money 
she saves.” 

Then for a quarter of an hour neither Luckyman nor 
Quickly spoke. They would not answer Stumbler’s ques- 
tions. But from their eyes, their changing expressions, their 
little smiles and frowns, he knew that they were in The 
Dancing Woman but also at home with their wives. 

“Has anything happened to you.^” asked Shy, at last. 

“Nothing,” said Stumbler. “Except I think I’m getting 
a stomach ache. What about you.^” 

“Me.^” said Shy. “No. But, to tell the truth — it sounds 
foolish I know but . . .” 

“So she drinks,” said Stumbler, suddenly, in a mutter: 
and then, “I can’t blame her. It can’t be an easy life, living 
with me.” 
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“Is she alone?’’ asked Shy. But Stumbler did not answer. 
Like the other two, he sat abstracted and silent on the 
thwarts of The Dancing IFoman, there in the boat with Sliy 
and yet not there at all. 

Shy got up. He mended the fire, he eased the fishing 
tackle, he coiled a rope and he cursed himself for a fool. 
He alone of the four had not taken the powder. He had 
gone off by himself to put it in the jar of water, but then, 
thinking of peering unseen at his young wife, maybe in 
bed with her lover, he was overcome with embarrassment, 
and, hiding the powder in a tree, he had joined his braver 
companions on the beach. 

But when the night’s fishing had been done (after a 
fashion) and they were selling their catch to the merchant. 
Shy was glad that he had not taken the powder. His com- 
panions were all so abstracted, they all took so little interest 
in the bargaining, that the merchant straightway halved 
his usual price, complaining of a glut on the market. When 
the merchant named his figure Luckyman looked at him 
benignly and smiled a slow smile of pure pleasure. The 
merchant breathed heavily through his nose and plainly 
told himself he could have got away with a crueller price. 

“They’re right; I am d lucky man,” said the smiling 
fisherman. He was seeing how the morning sun, falling on 
his wife’s pillov/, brought out all her beauty as she peace- 
fully slept with her cheek upon her arm. 

“You are,” said the merchant. “And of course, I’m not 
going to take all the fish at that price. Only the big ones. 
For the little one’s I can’t go further than . . .” 

He paused. He considered. He named the price and young 
Shy lost his temper. He lost it so thorouglily that for the 
first time in his life he spoke up for himself. 

He attacked the merchant in a torrent of words, llie 
merchant recoiled. The merchant waved his hands iii a vain 
effort to calm him. Shy squeaked with rage. The merchant 
raised the price a rupee. Shy advanced upon him with a 
threatening gesture, and the merchant fell on his knees 
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raising, as he did so, the price by two rupees. Shy stood 
over him and dictated his own terms. As the merchant said 
afterwards, it was like being attacked by an abusive, swear- 
ing, red-eyed rabbit. 

Luckyman, Stumbler, and Quickly observed all this with 
as much detachment as the market-policemen who had been 
well-bribed by the merchants to stay out of market-day 
quarrels. 

When the merchant had paid and the money had been 
divided — the uninterested manner in which the bewitched 
three took their shining coins would have been a lesson to 
a saint — the four friends set out across the mud-flats for 
home. 

Shy was full of his victory. He went over his argument 
with the merchant step by step, greatly improving his 
phrases, stopping every so often for his friends’ applause. 
But all Luckyman said was: 

“You made so much noise I was afraid she’d hear and 
wake up. I didn’t want her to do that. She looked so pretty. 
But of course you were two miles away.” 

All that Quickly would say was; 

“I heard her murmur, ‘FIl be late with Tu-Tu’s break- 
fast.’ At least I think she said Tu-Tu. That’s what she calls 
me, you know. But just then you bawled something very 
rude at that man and I couldn’t quite . . .” 

All that Stumbler said was: 

“She snores.” 

For a brief time of triumph, while they had been dividing 
up the money, poor Shy had thought of appointing himself 
the manager of their partnership. He had thought of 
declaring: 

“Fellows, you go on watching your wives. Leave all the 
business to me. What do you say.^” 

But now that moment was past. As he walked along the 
road by the side of his distant-eyed and silent companions, 
ignored by them or, worse, considered a nuisance when he 
spoke, he felt lonely, forlorn, and out of the running. When 
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Quickly, turning his eyes away from the horizon for a mo- 
ment, asked him: 

“You don’t say anything about your own wife. Is every- 
thing all right?” Shy said, “It will be,” and he left his friends 
at the entrance to the village, and went secretly to the tree 
in which he had put the powder. 

It was still there. He tucked the packet into his loin- 
cloth and went home. Looking at his wife as she bent over 
the fire he thought once again how embarrassing it would be 
if he had to watch her in bed with her lover. He said: 

“Rani, I want you to remember that whatever happens 
it is because I love you.” 

“Yes, yes,” said Rani. “Eat your breakfast.” 

That evening, before he set out to join his friends for 
the night’s fishing, he took the powder. When he met his 
companions he explained to them how the night before he 
did not have the benefit of the powder, and how, this 
niglit, he had taken it. They said they were glad that he 
had changed his mind. But they were soon to be very 
sorry. 

That night Shy was the first to go home to his wife in spirit. 
They had just laid the nets in a circle, and Shy was looking 
down the black side of The Dancing Woman. He was watch- 
ing the light from the lamp caper and shiver in the water, 
when the change began. 

It started with the sounds of things. At night, the small 
noises of the boat — the straining tackle, the footfalls on the 
planks — were always echoing as though the sea were hol- 
low. Shy was fond of this vastness behind the noises and 
he missed it if he stayed long ashore. The first thing that 
happened now was that a box seemed to close about his ears. 
The vastness went, the hollow sounds gave way to the 
padded sounds of dry land. Then a flicker of light on the 
water below him stood still and became a brass cooking 
pot. He recognised the cooking pot as one that his wife 
always kept on the floor near her fireplace. Next, he saw 
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the fireplace, then the wall on either side of it, then four 
walls, and he was home. 

The fourth .wall of the room was not of smoothed-down 
clay like the other three. It was a curtain of strong cloth, 
once white but grey now with the smoke from charcoal 
fires, and across it danced angular figures of men and 
women, in rough imitation of a village dance. His wife had 
made them and sewn them on to the curtain in the first few 
months' of their setting up house. He had boasted round 
the village that he had married a beauty and a houseproud 
woman at the same time — a rare thing, as everybody said. 
But as the marriage wore on, she relied more and more on 
her charms to please her husband and less on her sense of 
art. Her choice was wise and pleased her husband; a curtain 
is only a curtain, but in a woman there is infinite variety. 
Yet her husband, in his more elevated moments, was still 
fond of the curtain. He looked at it now, recalling the 
happiness of their earlier first love. He had only to lift it, 
pass into the bedroom, to see if that love had been betrayed. 

He hesitated. He remembered a game he had played as a 
child to settle prettier problems. He told over the figures, 
saying as he did so: 

“I am a cuckold. No, I’m mt. I a/n a cuckold. No, I’m 
not. I a/n a cuckold,” and so on. But from the tail of his 
eye he sensed an ominous deficiency of figures. Like most 
shy men he was not, in the final test, a coward. He lifted 
the curtain. 

Rani lay chaste and sleeping, their baby in her arms. 

Just then there was a noise from the house next door, 
which belonged to Stumbler. Rani woke. Her great soft 
eyes looked straight at her husband. Seeing her thus, grace- 
fully lying in the bed and looking at him. Shy was seized 
with desire. He thought passionately of taking .her in his 
arms. He knew from the others that she would feel his 
touch, but he wondered, since he was invisible, whether 
she would altogether know what to make of it. While he 
hesitated, he heard voices in the next house. He listened, 
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and Rani listened. Then Rani sank back into sleep, and Shy 
listened alone. 

When Stumbler had moved in spirit from The Dancing 
Woman to his house, he was greeted by no shining pots or 
artistic curtains. There was not one child but eight. They 
fed in a circle sitting on mats on the floor. When they had 
done, it was his wife’s custom to collect the metal platters 
and make a heap of them by the door-post, a convenient 
place from which to take them to the well to be scoured 
and brought back, gleaming, to the house. Each time she 
made the pile, she saw them clean and bright, as they soon 
would be, and proudly ranged along the mud wall as they 
were in other women’s houses. But other women did not 
have eight children, nor Stumbler, nor an exhausted feeling 
which had to be removed with sips of the fermented sap 
of the palm tree. So each day the platters stayed by the door 
and here Stumbler, returning home in the spirit, fell over 
them. 

The noise woke the youngest child and an intelligent boy 
of eight. The baby yelled ferociously, awakening (as we 
have seen) the neighbour, but not its mother. This was the 
duty of the boy of eight, who pulled her hair and slapped 
her cheeks until she, groaning, sat up. When she heard the 
baby’s squeals she rose, pushed the hair from her face, and 
took the baby in her arms. 

“Drunk or sober,” said Stumbler to himself, “she’s a 
good mother.” 

The intelligent boy lit the lamp. His mother sat on the 
floor and nursed the baby, pushing a sweetmeat into its 
mouth as frequently as it spat it out. Stumbler, pressed 
against the wall, saw all this with a father’s pride. The baby, 
during those moments when it could free its mouth, was 
making a sound which (it had been agreed between hus- 
band and wife) meant that it wanted Stumbler. 

“Why isn’t Dada home any nights.^” asked the boy of 
eight. 

“Because he is a fisherman,” said the boy’s mother. “And 
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if he didn’t go out at night tliere’d be no money to buy you 
food.” 

“Why does he go to sleep in the daytime when he comes 
home.^” the boy next asked. 

“Because he is very tired,” said his mother. “Fishing is 
very hard work.” 

“Will he always work.^” 

“No. One day he will give it up and be at home all night.” 

“When.^” 

“Before he trips over something and falls in the sea and 
gets himself drowned,” said his mother, “let us hope.” 

“When I grow up, shall I be a fisherman.^” asked the 
boy, and Stumbler’s eyes filled with fond tears. 

“If you grow up to be as big a fool as your father,” said 
the boy’s mother, “I suppose you’ll have to be.” 

In the still Indian night these words could be plainly 
heard by Shy and they brought his mind back to The Danc- 
ing Woman. He immediately found himself there. Seeing 
that the nets were straining their ropes, he called the atten- 
tion of Quickly to them and together the four hauled in an 
early and enormous catch. For an hour, while the fish cas- 
caded from the nets like wriggling pieces of metal, he did 
not think of his wife. Then he rested and mopped his fore- 
head. He once more thought of Rani and on the instant 
was standing outside his house. He did not go in, but 
deliberately bringing his mind back to the remarkable catch 
of fish, he found himself, as he suspected that he would, 
back both in spirit and in body on The Dancing Woman. 

While the four friends cleaned the nets of fish which had 
fixed themselves so firmly that they could not be shaken 
out, he explained his discovery of the way in which the 
powder worked. From their short grunts in reply he learned 
that they too had come upon the secret. For the rest of the 
night all four agreed to keep their minds off women and 
upon fish, for such a catch had not been known in these 
waters for twenty years. In their hearts they thanked the 
great god Shiva for thus making up their losses and the 
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god, who was particularly listening to these four of his 
devotees, heard. In reply, he put it into their hearts to make 
an offering that coming morning at his temple. 

They were in magnificent fettle with the merchant. No 
longer distracted by being in two places at once, they drove 
him to offer a fair price: and the envious looks of the other 
fishermen told the merchant that there would be no glut. 
He bought, and he paid, and he paid so much that Lucky- 
man, Stumbler, Quickly, and Shy had to take off their 
turbans to make a bag to hold the money. 

As they walked away each one said with great earnestness 
to the others that they should make an offering to the Brah- 
min: not only for his wonderful kindness in giving them 
the powder — and here they all clicked their teeth in aston- 
ishment at its properties — but also in acknowledgement 
of the god’s new favours. 

With the look of devoted and determined men, they 
marched up to the temple. The Brahmin, seeing them com- 
ing, cursed the mendicant and his powder, and tucking up 
his robes, he fled round the back of the temple into a near- 
by clump of tamarind trees to weather out what he feared 
would be the inevitable storm of disappointed protest. He 
wished that he had restrained himself from making a charge 
for the powder and promised himself that he would return 
the money. He was greatly surprised to find on returning 
to the sanctuary when the coast was clear, four neat little 
piles of silver rupees laid out on the altar’s lowest step. 

Meanwhile the four fishermen made their way home in 
the best of spirits, filled with that most delectable of senti- 
ments, the sense of having done a virtuous thing without 
particularly feeling the expense. In this happy mood Lucky- 
man and Shy fell to the pleasant task of comparing the 
beauties of their respective wives when seen, by an invisible 
husband, as they lay sleeping. 

Shy kept the conversation within modest bounds, but 
not so Luckyman. He drew such a picture of his wife that, 
as they came within sight of their homes. Shy’s imagination 
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was inflamed. On entering the house and being greeted by 
his Rani, Shy was not as overwhelmed by her beauty as was 
his custom. She seemed, he thought, a little dull in her looks. 
He asked her if she ^elt unwell, but she, with surprise said: 

“No, no, not in the least. Eat your breakfast.” 

From breakfast to their day bed, from day bed to supper- 
time, from the supper-time kiss and The Dancing Woman 
to watching Rani asleep again as he stood invisible by the 
curtain- seemed for Shy a matter of a passing hour, his 
thoughts were so alluringly disturbed. 

Even when he looked at Rani his thoughts wandered else- 
where — and so, of course, did his invisible body: such was 
the nature of tlie powder. 

He found himself, that is to say, in Luckyman’s bed- 
room, looking down at Luckyman’s sleeping wife. 

Luckyman had been pointed when he had described his 
wife and he had told the truth. Young Shy had seen few 
women save his wife for more than a few moments. Fisher- 
men’s manners did not allow staring at girls, and to stare at 
another man’s wife as Shy was doing now would have been 
cause for complaint to the village headman and a fine. Shy 
gazed, secure and enraptured. 

Then he cautiously looked round the room to see if 
Luckyman were present. Remembering that he would not 
see him if he were (would Luckyman sec hirrH who knew.^ 
the powder was unpredictable) he even more cautiously 
thought of fish. As quick as his thought he was back in the 
boat. He noted with satisfaction that there was trouble with 
the tackle, and that Luckyman was bent over it with every 
appearance of being there and nowhere else. Languorously 
allowing his thoughts to slide. Shy transferred himself to 
Luckyman’s bedroom. 

Luckyman’s wife was called Silvermoon and she was a 
great dreamer of dreams. She had made something of a 
study of them, and she knew by heart some hundreds of 
rhymed jingles which helped in their interpretation. Silver- 
moon would even dream for .>ther people: they had merely 
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to give her something to hold in her hand which belonged to 
them and she would dream dreams symbolic of their future. 

But that night Silvermoon had no need of jingles to 
interpret her strangest of strange dreams, and she was not, 
she felt sure, dreaming it on behalf of anybody else. The 
words whispered so passionately in her car were meant for 
her alone; the invisible caresses were far from symbolic; and 
unlike her other dreams, it went on, deliciously, even when 
she had woken up. When it was over and she was alone 
again, she lay in bed, pondering. She was puzzled but not 
utterly at sea. Her visitor, she reflected (but in her own 
simple words), though lacking all flesh, was still plainly 
subject to its promptings. 

As for Shy he fled the house both elated and alarmed. 
His elation was only to be expected: his alarm was due to 
his peculiar circumstances. A lover must be prepared for a 
husband returning unexpectedly: there are windows, cup- 
boards and backdoors to help him. But there arc no aids for 
a lover who must guard against a husband returning in- 
visibly. For all Shy knew. Lucky man might have been in 
the room. But then (Shy reflected as he focussed his cor- 
poreal eyes on the details of The Dancing Woman) if he had 
been, for all he would know, his wife might have been 
having nothing more than a restless night. This, Shy de- 
cided was the husband’s problem. He was glad to find him 
still intent upon the trouble with the nets. 

In fact the trouble with the nets had been such that 
Luckyman had been unable, all night, to summon up suffi- 
cient interest in his wife to get himself away. Stumbler had 
paid a fleeting and preoccupied visit home; Quickly had 
made a swift inspection. They were not less in love with 
their wives; but to a fisherman, when his net is entangled, 
nothing is more irrelevant than a woman. 

The trouble was mastered just about dawn, and there 
being no fish worth selling, Luckyman went straight home. 
He greeted Silvermoon and as usual asked her if she had had 
a good night. As usual she said that she had. She went on to 
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say (and this was also customary) that she had dreamed the 
strangest dream. 

Luckyman yawned. “Ya — ooo — ho — hum — what was 
it.^” he asked. The question was as formal as it was polite; 
from long experience he knew that she would tell him, 
invited or not. 

But she hesitated. She blushed. 

Luckyman observed her blush. He put down the morsel 
of food -that he was carrying to his mouth without tasting 
it. He repeated this question, this time without a yawn. 

Silvermoon still hesitated, for she felt — she did not know 
why — that this was a dream that it would be wiser to leave 
untold. But when her husband pressed the question a third 
time, habit was too much for her, and she said: 

‘'A prince came and made love to me.” 

“A prince? How did you know he was a prince?” 

“His skin was like silk,” she said, “and . . . and . . .” her 
usual flow of description was stemmed, “and . . . well, his 
skin was like silk.” 

“What did he look like?” asked Luckyman, suspiciously. 

“[ don’t know,” said Silvermoon. “I didn’t see him.” 

“You mean you couldn’t sec him because it was dark?” 
said I.uckyman. 

“It wasn’t as dark as that — in my dream I mean. He 
was — well, it was all a dream of course — but he was — you 
couldn’t see him.” 

“You mean he was like air?” Luckyman waved his hand 
in demonstration. 

“That’s right.” 

“Oh.” 

“Don’t look so angry. It was only a dream,” said Silver- 
moon, distressed by the cloud which had settled on her 
husband’s face. 

“Oh,” he said again. “A dream, was it?” He lifted some 
food to his mouth and put it down once more without it 
reaching his lips. But so deep in thought was he that he 
chewed on nothing for a whik. 
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“Listen,” he said, “say nothing about this to anyone. 
D’you understand.'* Nothing.” 

Silvermoon nodded, her eyes wide. An hour later when 
Luckyman was lying sleepless on his bed she was at the well. 
The other women, noticing her unusual silence, pressed her 
to talk. She refused. They pressed again. Fatally, she said: 

“I have had a dream which my husband has forbidden me 
to tell to anyone.” 

By the time that the sun was in the zenith the whole vil- 
lage knew that Luckyman’s wife had been visited by an 
invisible stranger with charms so extraordinary (including 
a skin like silk) that it was plain that he was either a god or 
a very handsome devil. 



XII 


The Tale of the 
Jealous Fishermen concluded 

T hat night The Dancing Woman was wrecked. 

There was a bad omen of it in the evening. As 
Stumbler was leaving his house to go down to the 
beach, his wife who had been incapable or unwilling to speak 
to him all day, pushed back her hair from her face, and 
said: 

“Have you heard the gossip.^” 

Stumbler said he had not. 

“Silvermoon’s dreamed she has a prince who makes love 
to her, only you can’t see him.” 

Stumbler said he didn’t understand. His wife ignored this 
remark, as one ignores a familiar mole on the face of one’s 
husband or wife. 

“I don’t suppose I shall dream anything like that,” she 
went on, “I shall just dream mv usual dream about you.” 
“What is that.^” said Stumbler fondly. 

“You have fallen overboard and you are drowning and I 
am shouting on the bank, ‘Swim!’ because you are within 
ten feet of dry land. You keep shouting, ‘What.^’ Then you 
drown.” 

“You shouldn’t talk like that,” said Stumbler. “It’ll bring 
bad luck.” 

So it turned out. There was a light breeze blowing as they 
launched tlieir boat, but the night was very dark. Stumbler, 
made gloomy by his wife’s parting words, foretold bad 
weather. But the others brushed his fears aside. They seemed 
very preoccupied, each with his own thoughts, and Stum- 
bler feared tliat it would be a night when little attention 
would be paid to fishing. Fo. himself, now that his fears 
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for his wife’s chastity had been set at rest, he had little 
interest left in women. Looking round at his absorbed com- 
panions he envied their young manhood. 

They raised the lateen sail and The Dancing Woman 
jumped away in a fashion which Stumbler^ at the tiller, felt 
to be a little too lively. The others noticed nothing. Lucky- 
man and Quickly were seated amidships. Shy was up at the 
prow dismantling the fire basket (for with a breeze blowing 
it would be no use) and fitting some other tackle. * 

Quickly said to Luckyman: 

“Strange story, that about your wife’s dream.” 

“Women’s nonsense,” said Luckyman. “I told her not to 
tell anyone.” 

“Lover who can’t be seen,’* said Quickly. “Sounds very 
like . . 

But Sliy interrupted him, turning back and speaking with 
a new boldness. 

“I’ve often wondered,” ho said, “but you know that I 
kept that packet of powder overnight in a tree. Well, sup- 
pose . . . that’s what I say to myself — suppose somebody 
had found it, and stolen some, thinking it was a medicine 
or — well you know what I mean.” 

“It’s possible,” said Quickly. “No way of finding out. A 
lover you can’t see, ch.^ That’s a lover you can’t catch, it 
seems to me.” 

“Yes,” said Shy decidedly, and turned back to his 
work. 

Luckyman stared at Shy’s back for a long moment. 

“Skin of silk,” he said, and spat on the floorboards. 

Nothing more was said aboard the boat for the next hour. 
The breeze was too fresh for them to do anything but put 
on the big cone-shaped trawl net. This was soon done, and 
the fishermen chose their favourite positions in the boat to 
wait for the net to fill. By the light of the oil-lamp that hung 
from the mast, Stumbler saw each of his companions fall 
into the abstracted and languid state that marked their 
spiritual departure to their wives. Stumbler shook his head 
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and sighed. The Dancing Woman^ it seemed to him, did the 
same in sympathy. The wind grew colder against his check. 
Stumbler tightened his hand on the tiller and began to form 
a sentence in his head that would make his companions 
aware of the danger that Stumbler felt in the air, under his 
hands and in his seaman’s bones. . 

Five minutes later the gale struck them. It was the rim 
of a cyclone. The tiller jarred in Stumblcr’s hand as though 
it were grinding against rock: the lateen sail shook itself free 
of its ropes and streamed out before the wind like a banner: 
The Dancing IVoman turned a drunken pirouette. 

She was beyond Stumbler’s managing. He could sail out 
a monsoon storm but this wind was a sea-terror that was 
new to him. He called desperately to Quickly to come and 
take the tiller. Quickly had sailed the Persian Gulf; Quickly 
had once sailed a dhow; Quickly could master The Dancing 
Woman now if anyone could; but Quickly sat on the thwarts, 
his head rolling with the boat, smiling vacantly into the 
storm as if into the face of a woman. 

So with Luckyman and Shy. Stumbler, raising his voice 
above the wind, made them hear him; they rolled love-sick 
eyes at him and did not move. Then the tiller won its 
struggle with Stumbler’s wrist: it broke free and wave after 
wave of foam-topped water came eagerly aboard. Stumbler 
called to his companions again and again but now he could 
not even see their looks, for the lantern was gone and there 
was no light from the sky: soon there was no sky at all, but 
only flying water. 

With this peril as a goad, Stumbler rose above himself: 
he strove, he wrestled, he sweated, he beat his skull and at 
last he managed to force his reluctant mind to think. He 
knew that if his companions could be made truly aware of 
the danger in which the boat stood (for now they moved 
about their tasks like men of lead, too slowly and too late) 
they would give up their dalliances, leave their wives in 
spirit as well as in body, and save themselves. But how 
could this be done? Shouting and shaking, even blows, were 
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useless. Stumbler, drenched and dismayed, suddenly saw 
that he must go to their houses and, invisible appealing to 
the invisible, recall them. 

He fixed his mind on his wife. Her charms were not easy 
to visualise, although he loved her, and in a running sea 
whipped by a gale, her allure had never been less. Obstin- 
ately, his mind and his body both stayed in the boat. He 
whispered her name — the same result. He thought of her 
when young — he had forgotten what she looked like. Half 
choked with salt water, he imagined her dead to excite his 
emotions — his grief was inadequate to shift him an inch. 
Desperately he began to shout coarse words into the wind 
and people the howling darkness with images of gross de- 
lights that they had known together but were never men- 
tioned between them. At last, thanking the gods that his 
wife was no lady, Stumbler heard the wind die and its sound 
give way to his wife’s snores. He threw her the hastiest of 
glances as she lay surrounded by her children and, invisible 
and dry, he sped away to Quickly’s house. 

He entered the bedroom. A single light burned in an 
alcove in the mud wall, flickering in the wind which had 
already begun to blow over the village heralding the approach 
of the storm that raged out at sea. 

“Quickly,” he whispered. 

There was no reply. But Quickly’s wife laughed softly 
and whispered and the coverlet of her bed humped itself 
in a manner for which she alone, a slim woman, could not 
possibly be responsible. 

Stumbler went to the bed and seized where he judged 
Quickly’s shoulder to be. 

“Get up,” he whispered. “It’s me.” 

Quickly’s wife giggled again. 

“Go away,” replied a male whisper from the bed. “Go 
away, you old fool.” 

“Not till you come with me. Quickly,” said Stumbler. 

“What’s that you say, you wicked man,” said Quickly’s 
wife tenderly. 
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“The boat’s going down. You’ve got to save it,’’ said 
Stumbler, shaking the coverlet furiously. 

“Get Quicldy,’’ said the man underneath it. 

“Aren’t you Quickly.^’’ said Stumbler, forgetting to whis- 
per in his surprise. 

“What is it.^’’ said Quickly’s wife sharply. “What is go- 
ing on in my bed.^’’ and the voice under the coverlet, answer- 
ing Stumbler’s question, said shakingly: 

“No,-rm Shy.’’ 

“Then what are you doing in Quickly’s bed.^’’ shouted 
Stumbler. 

“Well, what Quickly does,’’ said the coverlet, falling back. 
“Anyway, don’t shout so much; I’m getting up.’’ But the 
last part of this statement was drowned by the loud scream- 
ing of Quickly’s wife, her sense of propriety, at last, out- 
raged. 

“She’ll wake the neighbours,” said Shy, and then con- 
soled himself with the reflection that even if the neighbours 
came he could not be seen. At which the woman, as though 
able not only to hear his voice but also read his thoughts, 
put words to her screaming: 

“Help, help, help! Shy is trying to . . .” 

Shy clapped his hand over her mouth. 

“Quick!” he said to Stumbler. “Into the street.” 

Once there, they paused for a moment to gather their 
wits. The woman calling tearfully upon her absent husband’s 
name, evidence not only of her peril but of her faithfulness. 

“But where is Quicldy,” said Stumbler. 

“I don’t know,” said Shy. “He wasn’t there when I went 
in. I scouted around with my hands out.” 

At that moment the storm struck its first real blow at the 
village. A great gust of wind swept through the streets, and 
with it came the thatch of the house which stood next to 
Shy’s. 

“Is it a bad storm out there.^” Shy shouted to Stumbler, 
and Stumbler nodded, forgetting that he was as invisible as 
the tearing wind. 
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“What did you say?” Shy shouted again, and Stumbler 
said at the top of his voice: 

“It’s the worst I’ve ever seen. We must find Quickly.” 

The wind struck again and shook the roof of Shy’s home. 

“Rani!” he yelled. “I must warn her.” 

He began to run, but it was unnecessary. No sooner had 
he thought of his wife, than he stood beside her bed. 

The little lamp fluttered in the breeze and gave too fitful 
a light for him to see anything clearly. 

“Rani!” he said. “There’s a terrible storm blowing. Get 
up and go to the headman’s house. It’ll be safer because he’s 
got a roof.” 

“Now you sound just like my husband,” said Rani from 
the shadows. “He always worries so. Don’t go yet. Your 
Royal Highness.” 

“Who’s there?” demanded Shy, his voice rising. 

A hand came from the bed. It felt Shy’s calf. 

“A skin,” said a masculine and derisive voice, “like silk.” 

“What is the meaning of this,” shouted Shy, his voice 
breaking into a boyish treble. “Luckyman! come out of roy 
wife’s bed!’ 

“The meaning is,” said the voice of Luckyman, “that 
you and me is quits” 

Rani wailed; the wind howled; and the invisible Shy 
swore in a fashion that surprised himself. Above the din 
came the voice of Stumbler: 

“If you’d only all be quiet I could tell you where Quickly 
is. I’ve nearly worked it out but my brain won’t go any 
more. Shy was with Quickly’s wife — weren’t you, Shy.^ — 
and here’s Luckyman with yours — and mine’s sleeping 
alone, the gods bless her, so Quickly must be . . . Oh, dear, 
it’s gone again.” 

“Silvermoon!” roared Luckyman, and the thought of her 
striking all three at once, they were instantly in her bedroom. 

The lamp was in a horn case. It burned steadily. They 
could see the coverlet over Silvermoon heave desperately. 

“But I m««go,” said Quickly’s voice protestingly. “Can’t 
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you hear the gale? I must go back to The Dan . . . My dear, 
I tell you I must go.” 

“Oh,” said Silvermoon, embracing the top edge of the 
coverlet, “so soon? What does alittle wind matter? We’re quite 
safe and warm here. My other prince stayed much longer.” 

“I know, my dearest,” pleaded the unseen Quickly. “But 
perhaps he wasn’t a sailor prince. I am, you sec, so I must 
... I must get back to my ship.” 

“You must,” said Stumbler, “she’s sinking.” 

“And by the gods,” said Luckyman to the coverlet, “may 
you go down with her.” 

Thus at last, all four thinking of The Dancing Woman, 
they found themselves back aboard her. 

Quickly seized the tiller. The others, knocked down con- 
tinually by the incoming waves, said their prayers. Quickly 
tried to get her head round into the wind, but it was too late. 
With a great leap and a shudder that made the fishermen’s 
teeth rattle in their heads, she went ashore on a bank of 
mud and lay broadside to the sea and wind. 

Thus the four friends were high, but by no means dry, 
for the next six hours, when, the gale having blown itself 
out, they were rescued after heroic risks, by one of the fisher- 
men they had jealously suspected of seducing their wives. 

One day some four weeks later, Luckyman, Stumbler, 
Quickly, and Shy were going sadly towards the temple, each 
carrying a small bundle wrapped in a piece of cloth, when 
they met a holy man belonging to one of tlie mendicant 
orders. He looked venerable, and his forehead was heavily 
scored witli lines made by deep thinking. 

“Where are you going, my children?” said the great god 
Shiva. 

“To the temple,” said Quickly, and all four bowed to 
the holy man. 

“What are you carrying?” asked Shiva, and they showed 
him a small silver net, a small silver bracelet, a small silver 
model of a man, and a silver phallus. 
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“We are all very unfortunate men,” said Quickly. “We 
were favoured by the great god Shiva but we forgot to make 
him the presents he asked for. So we lost our boat, and we 
must build another one, some day.” 

“Some day,” echoed Luckyman, dolefully. 

“But when.^” said Shy, while Stumbler groaned in misery. 

“We have spent the last of our savings on these gifts,” 
said Quickly. “We thought that it was our duty. May the 
great god smile on them.” 

The great god did. 

“You are good people,” he said, “and I think that you 
have a certain powder that makes you invisible.” 

All four hung their heads. 

“Master,” said Quickly, “the Brahmin has told you. 
Yes, we have.” 

“Then take back your gifts to your homes and sell them. 
The great god is satisfied with your willingness to make so 
great a sacrifice. Then go to the temple, tell the Brahmin 
of your adventures and give him all that remains of the 
powder. Do this, and I promise that you will prosper. 
Now I, who am a devotee of the great god, have a message 
from the god himself for you. Go down on your knees.” 

They obeyed, for the holy man spoke with awesome 
authority. 

“When,” he said, “in your new boat, you think of your 
wives on shore, you shall always say these words aloud to 
one another.” 

With that the great god went to each of them and whis- 
pered in their ears. 

Then he dismissed them, with a blessing. 

That afternoon the great god Shiva rose to his full height 
of seventy-five feet, frightening the animals of the village 
who alone could see him in his giant splendour. He looked 
at the temple and saw through its walls as through glass. He 
looked at the Brahmin who was standing alone before the 
altar, the powder in his right hand, and Shiva saw through 
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the priest as through still water. He looked at the Brahmin’s 
soul and there he met an obstinate opacity, for Shiva, though 
a great god, was not Brahma Himself. 

The Brahmin spoke to himself and the god heard him. 

“How convinping they were with their story,” the Brah- 
min mused. “Suppose it were true, after all. I would just 
take a little of tliis powder — in water, they said — and then 
Rani and Silvermoon would have another prince to bring 
them joy.” He licked his lips. The god listened intently. 
He heard the Brahmin chuckle. The god’s eye quivered. 
The butter on the stone lingam on the altar began gently 
to smoke. Then he heard the Brahmin snort. 

“But nonsense, nonsense. What am I saying.^ It’s all part 
of the game and if I start believing in my own hocus-pocus, 
why, I shall lose my self-respect.” 

With that he left the temple and threw the earth con- 
temptuously on the ground beside the well, from where it 
had originally come. He then returned and, with a sceptical 
smile, began to intone the first of the evening prayers. 

The great god retired to his mountain to think the matter 
out. But the more he considered the human soul — and 
particularly the Brahmin’s — the more, in a godlike fashion, 
he grew confused. At last he gave the problem up. 

“It is too deep for me,” he said. “Brahma alone knows. 
It is a pity that He may not be disturbed.” 

So, during the long nights when the new Dancing Woman 
was out at sea and the four fishermen would start thinking 
of their wives on shore, one of them (and it was nearly 
always Stumbler) would say: 

“Friends, remember the message.” 

Then the four men would repeat devoutly to one another: 
“ What is the use of being jealous? A wife is a womans a 
woman is a woman; and a man cannot be in two places at once.” 

But Luckyman, Quickly, and young Shy would think 
for a moment of the time when they could. 

Then they would all get on with their fishing, in a tranquil 
frame of mind. 
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BOOK III 


The Siege of Lanka 




I 


A handbook for Recruits 

T he war between the allies of Rama and the King of 
Lanka is one of the most famous in the history of 
Ihdia. Most of the leading generals on both sides won 
striking victories and those that did not employed scribes 
to write their reminiscences, which were even more strik- 
ingly victorious. 

Hostilities began in November. The first move was an 
exchange of ambassadors. Both embassies declared tliat they 
abhorred war and wished for a just peace. The ambassadors 
of Rama described a just peace as consisting in the return 
of Sita to her rightful husband, the execution by plunging 
into molten lead of Ravan, the demolition of one-third of 
the houses of Lanka, the razing of its walls, the imposition 
of a tax of one-half of the income of all the inhabitants for 
twenty years, and the life imprisonment of all the Lan- 
kastrian generals. 

These terms were rejected by all concerned but with 
special vehemence by the generals, some of whom privately 
informed the allied ambassadors that while they could see 
reason in most of the demands they considered that the last 
clause spoiled the whole affair. Ravan, in the name of his 
cheering people, denounced the offer as evidence of the 
barbarity and inhumanity of the enemy. He in his turn pro- 
posed, as a lover of peace and in the name of his people 
(who this time shook their heads at his moderation), that 
a ten-year truce be proclaimed on condition that Rama gave 
his free consent to Sita’s divorce and re-marriage to him, 
Ravan, after which Rama was to be torn to pieces by wild 
horses as an enemy of humanity: further the allied army was 
to return to their homes, leaving their weapons behind 
them; an indemnity equivalent to three times the cost of the 
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war SO far to Lanka was to be paid by the principal allies; 
all officers over the rank of sergeant-major were to do three 
years’ forced labour in Lanka, and all generals were to be 
imprisoned for life. 

These terms were indignantly rejected by the allies as 
evidence of the Lankastrians barbarity and inhumanity. The 
ambassadors on both sides returned. Rama’s ambassadors, 
who had been led blindfold through the streets of Lanka 
and locked in an inner room during all the negotiations, 
informed him that the inside face of the walls of Lanka were 
crumbling, and certain elements of the army were ready to 
mutiny because of arrears of pay. Their report greatly heart- 
ened the troops and they were decorated for loyal service to 
the Allied cause. The ambassadors of Ravan who had been 
taken to a sealed tent in palanquins with boards nailed to 
the sides instead of curtains, reported that Rama had already 
quarrelled with two of the four principal rajas who were 
assisting him, one of the generals was permanently drunk, 
and several consignments of arms had proved to be boxes 
filled with old scrap iron and stones. Their reports greatly 
strengthened the belief of the Lankastrians that it would be 
a quick victory. 

At the end of the war it was found that the reports of 
both embassies were substantially true. This was not extra- 
ordinary. While they were not magicians able to see through 
a blindfold, on the other hand they were old soldiers, who 
had been to the wars before. 

Both sides now instructed their General Staffs to draw up 
a plan of campaign. 

The General Staff of Rama and his allies met for several 
days on end in a tent pitched in a location remote from the 
lines. It was heavily guarded to prevent the escape of secreis. 
A local milkmaid, gathering succulent weeds to feed her 
cow, contrived (none knew how) to gather them within 
three feet of the tent. She was arrested together with her 
whole family and (through a fault in transmission of orders) 

176 



THE SIEGE OF LANKA 


the cow. She was suspended upside down over a well by a 
frayed rope, her father was beaten with ox-whips and the 
cow (through the fault of an over-zealous corporal) kept 
under strict surveillance. They proved however, to know 
nothing of the plan which, after three days of deep delibera- 
tion, the General Staff had evolved. 

This was the plan: 


A 



The circle represented the fortifications of Lanka, ignoring 
small deviations in the course of the walls to accommodate 
the lie of the land. The letters A represented the disposition 
of the armed forces of the allies. That is to say, the letters 
A lepresented the places where the forces were at the time 
of the deliberations of the General Staff. The letter B repre- 
sented the place where they ought to be at the end of the 
campaign. The tactical manoeuvre which the generals had 
evolved consisted in a movement, duly co-ordinated and 
begun at the most favourable moment, from the points A 
to the point B. In view of the intervention of the wall, the 
generals had decided that this manoeuvre, the only one 
militarily sound in the circumstances, called for more bows, 
more arrows, more scaling ladders, more moveable turrets, 
more chariots, more sappers, more miners, and more money 
than tliey had at present got. This plan was laid before 
Rama, who, asking if they would also require more 
generals, was told that they had, fortunately, enough. 
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Shortly after the formulation of this master plan, a young 
soldier from the Nilgiri Hills was crawling among some 
bushes which surrounded the foot of the walls of Lanka in 
search of fennel, the taste of which in his curry he was 
inordinately fond. Having made his way for a considerable 
distance round the walls, he came across two outlying 
towers joined to each other and to the main fortifications by 
curtain walls. Observing no sentinels, he approached the 
curtain walls, which seemed to be broken in places and there- 
fore a good place in which to find fennel. He did not find 
his herb, but he found something which interested him even 
more — the broken part of the wall constituted a breach ten 
feet wide that had been hastily repaired by piling the fallen 
stones loosely one upon the other. These had again fallen 
down in part, and it was possible for a man to walk through 
the gap. The young soldier being a hardy mountaineer who 
did not know what it was to be afraid, promptly walked 
through the gap. He found himself in long grass which, 
growing higher than his head, gave him excellent cover. 
Moving cautiously through this he came up to what should 
have been the main wall behind the outlying towers, but 
which was in fact, merely a foundation two feet high, the 
wall itself having been destroyed, whether by an earthquake 
or by some previous enemy he could not tell, and which 
had never been rebuilt. He returned immediately to the 
camp with his news. After a brief court-martial he was con- 
demned to death as a spy sent by the enemy to lure the allies 
into an ambush. 

The unfortunate man appealed to Rama, who, in great 
perplexity, spoke to Valmiki, who had accompanied him to 
the field of war. Valmiki said: 

“Either you must execute the soldier or you must execute 
your General Staff. I recommend you kill the soldier. It is 
an accepted principle of warfare that when generals make 
mistakes it is the soldiers and not they, who get killed for it.” 

Since there was no disputing this, Rama reluctantly con- 
firmed the sentence, but mercifully commanded that instead 
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of being trampled to death by an elephant, the man should 
be strangled with a bow string. 

The generals, nevertheless, sent reconnoitring parties to 
spy out the breach, which they did with so much noise and 
alarm that the defenders of Lanka were made aware of their 
danger and immediately repaired the gap. The Lankastrian 
sergeant in charge of that section of the walls had previously 
reported their defenceless state, but his advice had gone un- 
heeded in the press of business. This business consisted in 
drawing up their own tactical plan for the raising of the 
siege. It was based on the supposition that Lanka was now 
completely surrounded by an impenetratable ring of armed 
men. In view of this there was no possibility of help coming 
from outside and the only hope for Lanka was clearly to 
prepare for a long siege and to wear down the enemies’ will 
to fight by the stubbornness of its resistance. 

A married soldier impressed from a village some ten miles 
away having been seized by an ungovernable desire to sleep 
with his wife, let himself down one night over the walls of 
Lanka, and with no more difficulty than having to lie still 
while an infrequent sentry passed, made his way safely 
through a gap in Rama’s lines into his wife’s arms. He, how- 
ever, was too wise to return. He stayed in his village until 
the battle was over and for some fifty years afterwards. In 
his old age he was fond of telling his grandchildren how he 
escaped the great slaughter of the siege of Lanka. They 
listened to him politely but did not hold him in any great 
esteem. 

• 

Preparations now began for the assault but this was delayed 
by an unforeseen event. The generals had set much store by 
a mace which had been designed by an ironsmith who was 
married to a daughter of the senior general. This was unlike 
the maces generally in use. It ingeniously employed the 
momentum which the wielder gave it in striking at his 
enemy to lay low one at least of the soldiers on either side 
of the adversary. In addition to the normal spikes this mace 

179 



RAMA RETOLD 


had a heavy iron ball attached to a chain which in turn was 
stapled to the mace’s top. Special exercises were decreed for 
the troops to learn the use of this novel weapon. But on the 
first of these it was discovered that the mace was too heavy 
to be lifted higher than a man’s navel. 

The general who was the father-in-law of the inventor 
was greatly chagrined, and although he could not be said 
to have been wrong, since he was the senior general, he felt 
that he owed it to his position to insist upon fresh and 
sturdier troops. A detachment of near-giants from the 
Carnatic were brought with all possible speed to join the 
forces. These found no difficulty in raising the mace but 
being men of an impetuous nature not too well endowed 
with intelligence, each exercise very nearly halved their 
numbers since the balls struck their companions as fre- 
quently as they struck the stakes that represented the future 
enemy. The general, however, was content. He pointed out 
that the introduction of the new weapon had proved a 
stiffener of the army’s morale, since it gave such troops who 
neither used it nor were near it, confidence, that in the 
matter of inventive military science, they were the Lan- 
kastrian’s superior. 

The bustle of preparations was diversified by a comic 
incident — although tragic in its outcome for one partici- 
pant — that caused much amusement in the ranks. An un- 
known apothecary waylaid every officer he could in an 
attempt to interest them in a black powder which, he said, 
when ignited, would explode with such force that if placed 
in a suitable tube, it would raise a heavy projectile high 
enough in the air to go over the walls of Lanka and to 
descend, destructively, inside the city. This charlatan — or 
crack-pot, for opinions about him among the generals were 
divided as to whether he was a swindler or a lunatic - 
became such a nuisance that the senior general finally 
ordered him out of the military lines. He was twice found 
peddling his black substance after this. On the second 
occasion he was bound and seated on a keg of his own 
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powder, and a torch was applied to it. There was a deafening 
report and although it was impossible to see if he had 
actually risen higher than the walls of Lanka it was generally 
agreed, with much hilarity, that a part of him might well 
have done. 

Valmiki, who witnessed this punishment, remarked to the 
senior general that the powder was certainly as effective as 
its inventor had claimed. At which the senior general clapped 
the poet on the back and said: “So it was; so it was. And it 
would be a damned effective weapon, if only we could get 
all the enemies’ soldiers to sit on the kegs" This remark 
raised a general laugh against Valmiki, in which the poet, in 
so far as his grin grew even more marked, was seen to join. 



II 


The Challenge 

T he preparations for the fighting went on for three 
months, for there is no person more pacific than a 
military expert once fighting is inevitable. There are 
a thousand details to settle, innumerable exercises to per- 
form; if an army marches on its belly, a General Staff wins 
campaigns on its backside. When the later historians of this 
famous war speak of the allied army sitting down around 
the walls of Lanka, so far as the higher command was con- 
cerned, they do not speak metaphorically. 

We must now return to Luxmun, who, as we know, was 
a more impetuous type of soldier. 

It was Luxmun who had brought about the great alliance 
for the rescue of Sita. It had therefore been agreed by all the 
rajas and even by their staff officers that Luxmun should be 
given a post of high authority in the expedition. They had 
suggested this to Rama who readily agreed. Rama would 
not have accepted, in any case, a different arrangement. He 
loved his brother, although he rarely spoke of his affection, 
and never (more importantly) thought about it. It follows 
that his love was a real one. 

With very little debate Luxmun was given the post of 
Commandant of the Royal Guard, a name given to a body 
of some five hundred picked men whose duty was to guard 
the person and the standard of Rama in battle. Among the 
prerogatives of his rank were the right to fight from a 
battle-car, or chariot, the right to have his own bodyguard 
of ten men, and freedom to forage and loot as the fancy 
took him. These privileges pleased him: one other did not, 
and that was the right to a place in the planning conferences 
of the General Staff. He begged to be excused this duty, but 
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his brother insisted, saying that Luxraun as a prince of royal 
blood, could not, with honour, refuse. Lioxmun, as always, 
obeyed his brother, and went. 

Rama was sometimes present, but not always. When he 
went he felt that he owed it to his position to speak. When 
he spoke the military men felt that they owed it to his 
dignity to listen. They also felt that they owed it to their 
own dignity never to follow any of his suggestions. Rama, 
noticing this, more and more frequently appointed Luxmun 
to represent him, with the duty of telling him what had 
taken place. 

Luxmun was able to follow their tactical plans for the 
siege of Lanka, but he confessed that the general conversa- 
tion of the warriors puzzled and dismayed him. Although 
Luxmun had done a great deal of fighting — rather more, he 
discovered, tlian some of the generals — they had only to 
begin discussing a past campaign and Luxraun was 
immediately lost. 

“It’s all flanks and wings, as though they were talking 
about a hawk catching a hare, instead of war,” Luxmun 
complained to his brother. “When 1 mention something out 
of my own campaigns like hitting that big black mercenary 
on tlie head in the Battle of the Waterfalls — you remember.^ 
— and he wouldn’t fall down although I hit him right square 
on his helmet with the spike of my mace — ^I’ve told you, 
haven’t 1.^ — so I hit him again — clang — and again — clang — 
clang — and he just grounded his spear and leaned on it — 
rememberi* — and there he was leaning stone cold dead, 
leaning, you see — well, they look at me and make me feel 
crude. I don’t understand all this business about the art of 
war.” 

“Neither do I,” said Rama. “Let us go and ask Valmiki 
to explain it to us. Valmiki is certain to understand it 
because he knows everytliing. 

Valmiki disclaimed the honour of knowing everything but 
admitted that he had made a study of the Art of War. 
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They visited him in his pavilion which was of saffron- 
coloured silk (Rama had chosen this unmartial colour for 
him to distinguish it from the tents of the warriors) and he 
invited them to seat themselves on the Sindhi rugs which 
lay three deep on the floor. Rama and Luxmun repeated 
what they had been saying to each other* concerning the 
difficulties of strategy and tactics, and asked Valmiki to 
help them, 

“I have never fought in a battle,” said Valmiki, “and 
indeed I have never been near an army until now, but I 
have always been deeply interested in tlie theory of the 
matter. I have talked to the best authorities and I have 
recently had the advantage of listening at great length to 
the reminiscences of your General Staff. I shall now explain 
to you military tactics. 

“There are three theoretical ways of winning a battle. 
You can attack your enemy in the middle of his line and put 
him to flight. This is called crushing his centre and is con- 
sidered rather jejune. Or, you can go round by his left side 
and roll up his forces while they are looking the other way. 
This is called turning his left flank and is considered highly 
ingenious. Or, again, as I scarcely need explain you can do 
the same thing at the other end, which is called turning his 
right flank, and is considered equally clever.” 

“It sounds very simple,” said Rama. 

“ So far,” replied Valmiki. “But you must remember that 
the opposing general will also be using tactics. That is to 
say, instead of obliging you by retreating, while you are 
crushing his left flank he may be crushing your left flank. 
In that case you must withdraw forces from your left and 
send them to your right. Observing this, the opposing 
general withdraws forces from his left and sends them to 
attack your left. Meantime a great deal of hullabaloo will 
have been going on in your centre. Things thus grow more 
complicated but not impossibly so.” 

“They would for me,” said Luxmun, who had been 
tugging at his moustaches and frowning. “The trouble with 

184 



THE SIEGE OF LANKA 


me is that ever since I was a boy I have always got muddled 
about which was my right hand and which was my left — 
if I had to reniember quickly, I mean.” 

“After a prolonged study of the descriptions of many 
famous battles,” said Valmiki, “I have come to the con- 
clusion that several generals have suffered from the same 
embarrassment.” 

“Wouldn’t it be simpler,” said Rama, “if each opposing 
general ^rote his plan down and put it in a box. Somebody 
who is constitutionally impartial, like yourself, could open 
them and work things out and declare the winner.” 

“But that would be an impossible plan,” said Valmiki, 
shrugging his bowed shoulders and grinning, “because in 
that case the cleverest general would always win.” 

“What would be wrong with that.^” said Rama. 

“From the point of view of the stupider general, every- 
thing,” said Valmiki. 

“But the stupider general is bound to lose, anyway,” 
Rama protested. 

“Oh by no means,” said Valmiki, his eyes glowing with 
amusement. 

“I can vouch for that,” said Luxmun. “Some of the orders 
I’ve been given have to be heard to be believed. Still, I’ve 
usually come out on the right side.” 

“Among the best authorities on military tactics that I 
have consulted,” Valmiki said, “have been the foot soldiers. 
What they have to say is very interesting especially when 
you take it together with the descriptions of great battles 
that have been written in our chronicles. You will find that 
battles are not lost and won at all by turning flanks or 
crushing the centre or moving reserves. What happens is 
more simple. Among the decisive tactical events that I can 
recall at the moment I may mention the occasion when one 
general forgot that horses do not easily leap a thirty-foot 
ditch but customarily fall into the bottom of it. That blunder 
cost him half his cavalry and the whole campaign. Or there 
was the even simpler error when all the generals on one side 
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forgot that their troops had not been paid, so as soon as the 
fighting began they went over to the other side. Then again 
there was the general who chose a site for his battle which 
was perfectly adapted to a most brilliant flanking movement 
which he had planned, except that he had not noticed that 
it was a bog. Nor must we forget the general who always 
made a point of sleeping soundly the night before a battle 
to set an example to his men. Unfortunately he set an example 
to the enemy, who stayed wide awake and won the battle 
between two and half-past two in the night before it was 
supposed to be fought. Then there were battles which were 
lost because of the enemies’ ruses. These ruses are the most 
interesting aspect of all for the thoughtful observer. They 
consist in such things as troops lying in the long grass and 
jumping up at the last moment, or pretending to run away 
so that the opposing forces run after them and straight into 
an ambush — tricks which might perhaps deceive a school- 
child once but which could not possibly deceive him a 
second time. Yet you will find if you study our histories 
that they have dumbfounded our military experts time and 
time again. Thus, my friends, you will see that tactics are 
by no means the deciding factor in warfare which, after all, 
is a chancy thing and the chanciest thing about it is the 
intelligence of your generals.” 

Rama thanked Valmiki for his instruction and told Lux- 
mun to do the same. Luxmun obeyed, but with an abstracted 
air. 

“What do you thinlsJ” said Luxmun when they had left the 
tent and were walking back to their own between the rows 
of gleaming pavilions, from each of which streamed pen- 
nants with the fighting symbol of its resident — lotuses done 
in silver thread, tigers in yellow silk from Peking, prodigious 
maces worked in gold, or delicately carved bows in padded 
embroidery, strung and with the arrow ready for discharge. 

“About the art of war.^” asked Rama. “Valmiki does not 
appear to think highly of generals but then he does not 
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think highly of anybody who sets themselves up to know 
better than the rest of us. Besides, even if generals are as 
stupid as he s^s they are — ^and I don’t doubt that he is 
right — he is not so lightminded as he tries to appear — still, 
I do not see what I can do about it.” 

“I think I do,” said Luxmun, but Rama did not hear him, 
for at that moment there arose a great bellowing and 
trumpeting from some elephants that had just arrived in 
camp. They had been brought from the jungles of the south 
with enormous difficulty, and Rama hurried away to see 
them, eager to find out what use could be made of elephants 
in a siege. After diligent enquiries he discovered that nobody 
knew; but that there was a widespread impression among 
the more experienced officers that a few elephants were 
always a great comfort. 

That night Luxmun gave a feast for some of his friends 
among the Royal Guards. It was held in his pavilion and 
was a very boisterous affair. Had anybody lifted the closed 
flap of the inner tent to observe the jollity, he would have 
seen that instead of ten soldiers sprawling around a drunken 
Luxmun in the height of an orgy — which was what the 
noise suggested — there were ten preoccupied men methodic- 
ally singing songs, clanking brass dishes and bursting into 
laughter at signals from an efficient captain. And he would 
not have found Luxmun. 

Rama’s brother was, for the first time that he could 
remember, taking action without Rama’s consent. Fearful 
that his brother would discover his intention (for in spite of 
his moustaches, Luxmun had no art in concealing his 
thoughts) he had asked some of his friends to make the 
pretence of a soldiers’ party, from which, he was well aware, 
Rama would stay away, such routs not being to his liking. 

Luxmun meanwhile stole through the lines wrapped in 
his cloak. Giving the password to one of his own men who 
was on guard at a point opposite the city, he swore him to 
secrecy, and then moved quickly out into the open space 
between his own lines and the walls of Lanka. 
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These walls towered blackly above him. He drew near 
and struggled to suppress the sound of his heavy breathing. 
He listened for some while to the tramp of the sentries, and 
judged the passage of the nearest as he walked between two 
turrets. When the sentry was at the furthest end of his beat, 
Luxmun unwound a rope from his waist to which was 
attached a grappling hook. He swung it and it fell between 
the crenellations which were shaped like large leaves. The 
noise attracted the sentry, who came running to the spot, 
calling his fellow-guards. It was not part of his design, but 
Luxmun, seeing the man’s head against the sky loosed 
off an arrow at him and shouted an insult. Then he retired 
out of range of their bows and strained his eyes in the 
darkness to watch what they did. The darkness was soon 
relieved by the light of torches. The sentry, and, it seemed, 
some companions now began raining darts at the point 
where Luxmun had stood. They did not see the grappling 
iron for so long that Luxmun shouted and told them it was 
there. Then they saw it. They pulled at the rope and Lux- 
mun heard them say there was nothing at the end of it. But 
in this they were mistaken. When they had pulled up the 
end of the rope they found a long flat palm leaf into which 
a message had been cut with a stylus and rubbed with 
charcoal dust to make it easier to read. Luxmun gave them 
a last shout and told them to take it to their master Ravan. 

When they had done so and Ravan, awakened, had 
sleepily put together the meaning of die symbols he found 
this message: 

'Ravan^ King of Lanka, /, Luxmun^ the brother-in-law 
of the Princess Sita^ have come here to protect her honour. 
But now I am going back home because since 1 have seen 
your cowardice in not giving fight, I do not think r^y 
sister s honour is in any danger since you are not man 
enough to have attempted it. 

LUXMUN, 

Commander of the Royal Guard of RamaJ 
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Single Combat 

T he next morning, two hours after the sun had risen, 
all the war-trumpets of Lanka rang out from the 
battlements. These war-trumpets of Lanka were not 
carried by men, like those of Rama and all other Indians. 
They were horns so long that they rested, fifteen feet away 
from the mouth of the trumpeter, on bronze stands wrought 
in the shape of slavering demons. They were grim to see; 
unseen, they were more terrible still. 

Each trumpeter had a different note, but each had only 
one. When they spoke, twenty of them, from the walls of 
Lanka, it seemed as though a score of angry lions were 
roaring in a brazen cavern. 

In Rama’s army the morning bustle was stilled; men 
ceased tlieir exercises and gathered in groups with their 
comrades. Rama and Valmiki came to the doors of their 
pavilions and gazed towards the city. 

At the third sounding the commanders began to marshal 
their forces. The men moved quietly about their business but 
the animals — horses, elephants, camels, and mules — disturbed 
in their very bowels by the trumpets, grew restless and com- 
plained, their braying, bellowing, and long, high-pitched 
whinnies, making the nerves of their owners still more tense. 

Rama spoke to the generals who were near him and all 
predicted an attack. Rama called his armourer and went into 
his tent to prepare for battle. Soon his war-chariot came to 
the pavilion door, shining with its bronze plates, the great 
quivers at the sides filled with arrows, its horses jingling 
their traces in a restless dance from hoof to hoof. 

Then, armed cap-^-pie, riding in his chariot, Luxmun, his 
eyes gleaming, took out a body of the Royal Guard all fully 
accoutred, as they had been since sunrise. He took up a 
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position opposite the gates of the town but a quarter of a 
mile away and there in a short while Rama and his principal 
allied rajas and their officers joined him, each in his war- 
chariot and ready for combat. 

The trumpets of Lanka sounded again. The great doors 
of Lanka began to open. As the echoes of the trumpets died 
away the voices of Rama’s officers could be heard putting 
their troops in readiness for the expected sally. 

But only a single horseman rode through the half-opened 
gates. 

His horse was a handsome bay. He was dressed not in the 
heavy panoply of war but in the light, fanciful armour of the 
Court. His helmet was no more than a golden cap; light 
mail sparkling with jewels covered his chest, and his soft 
leather sandals rested lightly on his stirrups which lacked the 
shovel of bronze that in war protected his feet. He carried a 
lance from the point of which dangled a metal object that 
could not be clearly made out until he rode closer. Then it 
was seen to be a small perfume bottle. He rode with insolent 
unconcern right up to the ranks of chariots. He bore no 
sign or pennant to show that his mission was that of a 
herald, but his manner was sufficient to protect him. 

He halted his horse directly in front of Rama, coolly 
surveyed him from head to foot, and then did the same with 
the principal allies. He moved slightly in his saddle, and 
looked at Luxmun, saying: 

“I seek the brother of Rama.” 

Luxmun put up his hand to his moustaches, and shook 
his shoulders till his armour rang. 

“I am Luxmun.” 

The herald looked him over, but gave no sign that he had 
heard him. Instead he moved his horse slowly away to the 
right, walking past the guard, past the company of archers 
that stood next it, until he came to a group of men aimed 
with slings. Mingled with these were youths with bags slung 
round their shoulders who carried the smooth round stones 
that were the slingers’ ammunition. 
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The herald reined in his horse. Choosing out a beardless 
boy who stood gaping in the front rank he bowed his head 
ironically and addressed him: 

“My Lord Luxmun: greetings.” 

The boy’s jaw dropped further and he stared at the elegant 
herald wide-eyed. 

“My master the serene and powerful Lord of Lanka, and 
descendant of the Gods, Ravan, King, bids me tell you that 
he has 'received your message. He sends you his royal 
thanks.” 

Here the herald bowed his head again to the boy, who 
blinked his eyes at the dazzle from the herald’s casque. The 
herald spoke again, loudly so that his words carried far 
along the line of soldiers. 

“In return he sends you this present.” 

The herald slowly lowered his lance until the point was 
level with the boy’s head. The boy unthinkingly put out 
his hand to take the dangling perfume bottle, but the herald 
jerked the lance forward so that the boy fell back against the 
slingers behind him. 

“It has been recommended by His Majesty’s Chief 
Barber.” declaimed the herald, “as the best recipe that is 
known for making the beard grow on the beardless chins of 
younger brothers. His Majesty’s Chief Barber adds that the 
liquid must be well rubbed in. If, Luxmun, you do not know 
how this is done, my master, the serene and powerful lord 
of Lanka, and descendant of the Gods, Ravan, King and 
mighty warrior, will come here before these gates at noon 
tomorrow and do it for you.” 

He jerked the lance and the bottle fell to the ground at the 
boy’s feet and the slingers scrambled to pick it up. The 
herald wheeled his horse and rode slowly back to where the 
real Luxmun stood in his chariot, flushing with anger. The 
herald again looked him over with deliberation, but this 
time there was a smile on his lips and a quizzical tilt about 
his eyebrows that showed plainly that he knew and had 
known who Luxmun was. 
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Luxmun did not move. The herald turned his horse 
towards the gates. His horse moved a pace forwards and 
then, as though the herald knew that the magnificence of his 
bearing would no longer protect him once he had turned 
his back, he kicked his horse’s fianks and made for the gates 
at full gallop. 

With this retreat of the herald, Luxmun, whose tongue 
had been bound with shame and rage, suddenly found words, 
a torrent of them, which he shouted at the fleeing horseman, 
accepting the challenge and offering to fight any high-born 
soldier in all Lanka, one by one, after he had killed Ravan. 
The whole watching army waved its approval and the horse- 
man made the last few yards of his perilous withdrawal bent 
low over the neck of his horse, as darts, stones and arrows 
fell around him. The missiles rattled on the great gates as 
they opened slightly to receive the horseman to safety and 
then closed, as, once more, the long trumpets sounded from 
the walls. 

That evening Rama went to Valmiki’s pavilion and sat 
wearily on the rugs. Valmiki served him with pomegranate 
juice. 

“Thank you,” said Rama. “I know only one thing as 
calming as pomegranate juice and that is to listen to your 
reprehensible opinions. The generals have objected to Lux- 
mun fighting Ravan tomorrow.” 

“It is one of the things, like the ditch, which are not fore- 
seen in the art of w'ar,” said Valmiki. “They will naturally 
object.” 

“They wanted me to stop him,” said Rama. 

“And what did you answer.^” 

“I said that it seemed to me that what they wanted me to 
do was not to stop him fighting tomorrow but to stop hini 
sending the message that he delivered to Lanka last night. 
Once he had done that, nothing could prevent the rest.” 

“It is exactly the answer I would have made myself,” said 
Valmiki. 
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“Yes, I fear so,” said Rama, smiling, “I find that I have 
been infected witli your way of thinking.” 

“You regret it?” 

“No,” saidf Rama, and sighed, “But it does away with a 
lot of romance and speculation and fine speeches and 
wonderful despairing thoughts.” 

“I find it a little earthy myself,” said Valmiki. “After all, 
it was very pleasant to be young.” 

“It was,” said Rama. “It was.” 

A quarter of an hour short of noon the next day Rama 
unarmed received three priests in saffron robes from Lanka 
and pledged his honour as a prince that the rules of the 
combat should be observed; namely, that the contest being 
between princes of royal blood, it should take place in 
chariots, each prince to have his charioteer; that the contest 
should take place between the gates of Lanka to the one 
side, the standard of Rama to the other, a stone pillar to the 
left and a tree to the right, the space thus defined being a 
square some three hundred yards across: that each prince 
should be accompanied by three horsemen, of noble birth, 
who should take no part in the contest; that the contest should 
begin by the sounding of a conch shell by the horsemen of the 
challenging prince; should continue until one prince surrend- 
ered, or was killed, or fled the field; and should one die, then 
the other should forthwith take a white goat and kill it upon 
the altar of the God of War, to bear the guilt of the slaying. 

The Brahmins retired into Lanka. Rama’s army lined 
three sides of the square and there were men on every 
vantage point in the city, some even on the high pyramids 
of the temples within. The sky was a hard blue and the heat 
of the day had already set the air at the bottom of the 
ramparts quivering. 

Rama saw that on some of the rooftops in Lanka women 
had gathered. He searched among the tiny, bright-clothed 
figures, but whether Sita was among them he could not say, 
for they were too far off. He thought of his wife deliberately, 
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and endeavoured to do so with tenderness: but he could not, 
for the picture of his brother lying in the dust beside his 
chariot supplanted all others, and Rama felt cold under the 
midday sun. 

He went to speak to his brother who stood patting his 
horses’ necks and speaking to them. He fook his brother’s 
hand, but feeling his own tremble, he released him and left 
him without speaking. No sooner had he regained his 
position among his Royal Guards, than the great doors of 
Lanka opened. 

The three noble horsemen came out at a gallop, riding 
in great arcs before the chariot of Ravan. The chariot 
rumbled out of the shadow of the gateway and tongues of 
flame seemed to leap from it as its two black horses pulled 
it into the blaze of the sun. The pole between the horses 
was of burnished bronze, the chariot’s high front behind the 
crouching charioteer was of brass, polished and studded with 
square-cut nails, and the wheels, spinning in the dust, made 
discs of light with their metal sheaths. 

The charioteer crouching on a footsquare platform at the 
butt of the pole between the horses shouted, half stood, and 
leaned back on the reins. The black horses reared in the air 
and the chariot came to rest. Then all could see, standing 
upright with only one bare hand to steady him, the awesome 
figure of the King of Lanka. 

Tall as he was, he was made taller by his helm of black 
iron with silver bosses across the front, and made terrible 
by the iron strip that stretched from his forehead to his 
upper lip. His body armour was black like his helmet, but 
a sash of gold with a jewelled clasp hung loosely around his 
waist. His loin-cloth, tight folded between his legs, left his 
great thighs bare. He rested upon his mace, a stout bar of 
iron that ended in a spiked ball and which was bound to his 
wrist by a leather thong. 

The noblemen reined in their horses behind him. The 
charioteer crouched again over his pole and Ravan waited, 
upright and unmoving. 
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The chariot of Luxmun now came into the lists, at a 
slower pace, for he had not the advantage of driving through 
a gateway, but came from before his pavilion, his noblemen 
trotting beside him. But his white horses, the golden orna- 
ments of the codarwood chariot, and the silvery gleam of 
his body armout and burnished iron cap, gave him grace 
and ease. He took up his station. 

Ravan’s three noblemen now rode to the centre of the 
field, afid Luxmun’s supporters did likewise. They faced 
each other in two ranks, Ravan’s men heavy, insolent and 
swaggering: Luxmun’s slighter in build and less certain of 
what they had to do. 

There was an exchange of courtesies. One of Ravan’s 
nobles raised a matter of the rules, but the watchers could 
not hear all that he said. The point was settled as the horses 
stamped and jingled their harnesses. The six horsemen gal- 
loped olf the field to its edge and the last of Ravan’s men 
turned in his saddle and put a conch shell to his lips. Its 
long, melancholy note echoed for a moment from the walls 
of Lanka, and then was lost in the shouts of the two 
charioteers. 

To Rama, watching, it seemed as though the two chariots 
drove straight at each other. But as they were about to meet 
in the middle of the field, each charioteer turned his horses 
very slightly and the chariots passed each other, wheel all 
but touching wheel. Ravan and Luxmun swung their maces 
and leaning over the sides of their war-cars, struck at each 
other. The impetus of his chariot and his mace betrayed 
Luxmun’s judgement. His blow missed its mark and the end 
of his mace struck the wood of Ravan’s chariot, splintering 
it and buckling its metal plates. At the same moment Lux- 
mun felt a blow on his left shoulder that sent him reeling 
against his charioteer and deprived him, for a moment of 
his sight. The charioteer held him up with his shoulder as he 
brought his horses round in a tight circle. The chariots passed 
again and Luxmun, unable to gather his strength quickly 
enough, bent all his wits on parrying Ravan’s next blow. 
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He swung himself into the position for striking a blow 
himself. Ravan, seeing this, was deceived into thinUng that 
his first stroke had done Luxmun no harm. Had he known 
that Luxmun meant to parry and not strike he would have 
changed his stance at the last moment. He did not. He 
struck downwards and his mace fell upon that of Luxmun. 
The shock sent a great wave of pain through his spine and 
his anger flared. 

The chariots came together for the third time.' Ravan 
swung his mace but his hot blood made his stroke clumsy. 
Luxmun, his nerves steady, made as though to aim at 
Ravan’s helmet, but as the chariots passed each other, 
changed his stroke by a great wrench of his wrist and 
brought it down upon Ravan’s breast and shoulder. The 
spikes drove home through the links of the armour and the 
black lacquer turned red with Ravan’s blood. 

Seeing this a great shout came from Rama’s army and 
Rama rejoiced aloud. 

But now the chariots did not draw so far apart. By the 
rules of single combat they must now keep as close to each 
other as they could, each man fighting continuously till the 
end of the battle. 

The three horsemen of Lanka rode forward: the three of 
Rama did the same. The six stationed themselves at six 
points that formed a rough ellipse. Within this, the chariots 
must manoeuvre. The two chariots turned in a narrow radius 
and instantly it could be seen that Luxmun’s car had the 
advantage. It was lighter than Ravan’s and more easily 
handled. The chariots came close, withdrew and closed 
again, Ravan and Luxmun balancing on the balls of their 
feet and striking with their maces at each approach. 

To wild shouting from Rama’s soldiers, Luxmun’s strokes 
again and again found their mark, and although the blows 
that could be delivered in this twisting and turning phase 
of the duel had not the force of the first tremendous strokes, 
they wounded Ravan; when his chariot wheeled away it 
could be seen that he was bowed with pain. He seized 

196 



THE SIEGE OF LANKA 

his charioteer’s arm to steady himself and he spoke to 
him. 

The two chariots approached again. The dust rose in a 
great cloud around them: but it was not enough to hide 
what happened next. Luxmun’s chariot came up, wheeled, 
and lay broadside to Ravan for a moment. Ravan’s chariot 
feinted as though to turn as the rules demanded, but the 
charioteer rising from his narrow platform, struck his horses 
with hte whip and drove them straight into the flanks of the 
horses of his enemy. The bronze-shod pole shot at the 
terrified white horses like a spear. The horses whinnied with 
fear, jerked their reins from their driver’s hand and pounded 
the air with iheir forelegs. Luxmun’s chariot reeled 
drunkenly. At that moment Ravan’s horses were brought 
sharply up on their hindlegs and Ravan, leaning out of his 
war-car, struck Luxmun to the floor of his chariot with a 
single blow. As Luxmun’s horses bolted away, he was flung 
out upon the ground, where he lay without moving. 

The tiirce noblemen from Rama’s army galloped towards 
the witnesses from Lanka shouting their protests. The men 
from Lanka hesitated: then a shower of missiles from Rama’s 
roaring, cursing, and enraged army fell about them and, 
calling to their master, they put spurs to their horses and 
rode for the gate. Ravan’s charioteer, whipping his horses, 
followed them. But his trick in driving at Luxmun’s horses 
had strained his harness. It broke, and Ravan’s chariot 
slewed in the dust. 

Instantly the soldiers of the Royal Guard charged to 
capture Ravan, and the rest of the army in wild confusion 
began to follow them. 

A mounted group of men from Lanka, rode out from the 
gates and laying about them with great ferocity, protected 
their King, and, slowly retreating with him, took him at 
last safely within the gates, leaving many of their number 
dead on the plain. 


Luxmun, coming to his senses, found his brothei leaning 
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over him. He saw his broken chariot and looked for his 
charioteer. He smiled when he saw that he was safe. He 
listened to the din of the battle that now raged at a hundred 
different points and he smiled more broadly. 

“We’re attacking?” he asked. 

“Yes,” said Rama. “There is no holding the men back.” 

“At last,” said Luxmun; and then, “How very angry the 
generals will be with me.” 

For the next three days the siege of Lanka was waged by 
all branches of the army with the greatest confusion and 
high spirits. Attacks were launched and repulsed again and 
again, their leaders having no more plan than to outdo the 
next body of men in the line. Whenever, for reasons of 
exhaustion, there was a comparative orderliness, the generals 
seized it as a favourable moment to regain control. Things 
would go for an hour or so according to their carefully laid 
plans, but this did not, in die end, sensibly diminish the 
confusion. 

Even the elephants played their part. They were led 
against the gates of Lanka in an abortive assault. Most of 
them, with the sagacity for which they arc famous, surveyed 
the forces ranged along the walls on either side and returned 
to their stables at a fast trot. Three were killed by huge iron 
darts dropped from above. Their carcasses lay against the 
gates affording extra defences for the Lankastrians 

But the confusion within the town seemed no less than 
that without. The defence slackened and in the morning of 
the fourth day since the combat it was decided in Rama’s 
camp to make a full assault. The siege engines cast flaming 
balls of flax, a ram battered the gate, towers were wheeled 
towards the walls and the messengers running between the 
generals ran so often that they fainted with exhaustion. 

At last the gate gave. Rama, placing himself at the head 
of his Guard, led the assault and entered upon his first taste 
of warfare, climbing over the carcasses of the elephants. 

The fury of the assault, all the more terrifying for being 
virtually unplanned, dismayed the Lankastrians on the 
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walls, who also had good reason to fear that all was not well 
behind them. They yielded. The gates fell. Rama, on foot, 
cut his way into the streets of the city. He had killed four 
running men ‘before he discovered that it gave him a 
tfemendous and bloodthirsty joy. 

He performed prodigies as they fought their way to the 
Palace. He killed the single loyal guard outside the private 
chambers of the King with one thrust. He broke through 
the door with the aid of the closest of his own Royal Guard 
and found Ravan dead upon the floor. Ravan’s eyes and 
tongue protruded. His fingers had been lopped off to get his 
rings. A heavy chest that had once contained treasure had 
been flung across his legs, breaking them. His chosen com- 
panions, the soldiers who had sacked the hermitage, had 
seen no reason to change their ways merely because their 
master had been defeated. 

A eunuch crawling on the floor, offered to show Rama the 
room of Sita. 

Rama went there at a run, and burst into the room. Sita 
stood by a couch, a short sword in her hand and a soldier 
jerking in his death agony at her feet. 

She looked at Rama, as he stood panting, his forearms 
covered in blood, and blood on his face. She looked at the 
sword in her hand. 

“Let us go somewhere to clean ourselves of this filth,” 
was her greeting to her husband, “and become human 
beings again.” 

But if a bath in Ravan’s own bath could make Rama a 
human being again, nothing could make him an ordinary 
one. To kill one or more persons is always the shortest padi 
to a rapid change in one’s life; done at the wrong time, it 
results in the gallows; done at the right time, it leads to fame. 
Rama’s killing had been, in fact, no more than a street- 
fight. But his timing had been magnificent as it so often is 
with those who seem bom to lead. He became overnight, a 

*99 



RAMA RETOLD 


hero. It was- said on all sides that he alone had been respon- 
sible for the capture of the city. 

This credit really belonged to the soldier whom Sita had 
killed. He was a jealous cousin of Ravan’s who had spread 
the rumour that the town had been betrayed and then, when 
he had helped to murder the King, had 'gone to capture 
Sita. He, however, now lay dead in a gutter into which his 
body had been kicked, while Rama sat on Ravan’s ebony 
and silver throne. Rama’s name rang throughout the land. 

He had won a great victory; he was the master of a 
devoted army. There was nothing that was not in his power 
to do, if he wished it. Although it would seem wise to sus- 
pect such a man of the worst intentions, in practice the 
world tumbled over itself to think the best. Embassies 
arrived in Lanka daily, among them one from Ayoda 
announcing the death of his father the King. Rama kept the 
embassy waiting three days and then refused to discuss his 
return — for which they begged — on the ground that he was 
in mourning. He shut himself up, and it was given out that 
he was fasting and praying for the salvation of his father’s 
soul. 

He was, however, thinking of Sita. When he had appeared 
in the streets of Lanka his soldiers shouted “Long live 
Rama!” When Sita had appeared, they cried, “There goes 
the whore!” 

In the cool of the evening Luxmun would sit on the paved 
roof of the Palace, taking the air, and fretting at the time 
it took for his wounds to heal. There, soon after the coming 
of the embassy from Ayoda, Sita joined him. They sat 
silently for a while, listening to the noises of the dty 
below. 

“He won’t see me,” said Sita, at last. “He won’t even 
speak to me.” 

Luxmun blew his moustaches indignantly. 

“If he hanged the next ruffian who shouted at you in the 
street, there’d soon be an end to it.” 
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“An end to wliati'” said Sita. 

“The — ^shouting,” said Luxmun, and flushed deeply. 

“Yes. That’s what I thought you meant,” said Sita. “You 
think it’s true, don’t you.^” 

“I don’t think anything’s true,” said Luxmun, violently. 
“Lies: all lies and I’d like to see the man stand up to me 
and say it isn’t when my shoulder’s better.” 

“So you do think it’s true,” said Sita, and looked away. 

“What.^ I don’t know what you’re talking about.” 

“That I’m an unfaithful wife and I’ve slept with Ravan.” 

“You didn’t do anything of the sort,” said Luxmun. He 
struck his knee and winced with pain. 

Sita baid: 

“I did.” 

Luxmun said nothing for a long minute. Two drunken 
soldiers quarrelled near the Palace and their obscenities 
came drifting up on the evening breeze. 

“He made you, Sita. He forced you.” 

Sita shook her head. 

“Ravan was cruel and he was a monster when he went 
on his raids. But with women he was gentle. No; it was in 
the bargain, but he did not press me to keep it.” 

“Ah!” said Luxmun, “so there was a bargain. I thought 
so.” 

“Yes. I made up my mind when your bow-string snapped 
on the night they destroyed the hermitage. You looked 
round and I saw your face and I said to myself Luxmun’s 
getting ready to die.” 

“A soldier’s always doing that, Sita.” 

“Not a good soldier. He only does it once, when he knows 
that there’s no hope left. That’s what you knew, then.” 

Luxmun nodded. 

“There was nothing to get our backs against,” he said. 
“They had only to come down the hillside and they could 
have picked us off just as they pleased. So that’s why you 
said you’d go and get the bow-string.^” 

“Yes. It wasn’t very difhcult to make up my mind, but 
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I had no time to explain — especially to Rama. He never was 
an easy man to explain things to.” 

“He’s changed,” said Luxmun. “He’s changed very much.” 

“Perhaps. Still, what was very difficult was to cross that 
space in front of the house with the soldiers shooting every- 
where. I kept telling myself that if nothing hit me it was a 
sign that what I was doing was right.” 

“Just what I’d have done myself,” said Luxmun. 

“Nothing hit me. When Ravan saw me, he stopped the 
shooting. When he heard that I’d go with him if he’d stop 
the killing and torturing, he stopped that too.” 

“You were very brave.” 

“Yes, I was, Luxmun. I’d have been a heroine. I meant 
to be. I meant to kill myself rather than keep my promise. 
I think I would have killed myself if he’d have come at me 
as I expected, all drunk and brutal. But I hadn’t allowed for 
one thing.” 

“He played a trick on you, eh?” 

“Yes, Luxmun. The oldest trick of them all. He just said 
that he loved me above everything in the world and that he 
would never force me to do anything I did not want. I was 
pleased at first. Then I was sorry for him. Then he kissed 
me. Then I wasn’t a heroine any more.” 

“I see,” said Luxmun. “Well, you could be sure a fool 
like me would let you down.” 

“You?” 

“Of course. I had three chances to kill the swine — three. 
Once in the glade, once when he came to the hermitage 
right under my nose, and once more when I fought outside 
these walls. I failed each time. It’s all my fault, and I know it.” 

Sita, hearing this, pulled her sari across her face: for the first 
time since the fall of tlie city, she wept, and very bitterly. 

Luxmun got up, watched Sita for a moment, and then lelt 
her. 

When she next saw him, he came bursting into her room 
his face aglow, his extravagant moustache in utter disarray. 
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“Quickly!” he said. “Dry your eyes! We’re going to 
Rama.” 

“Have you seen him.^” 

“Seen him, lalked to him, and given him a piece of my 
mind. What d’you' think of that^” 

“You.^” said Sita, incredulously. ''You gave Rama a piece 
of your mind.^” 

“I have,” said Luxmun, and then, with awe at his own 
daring, he repeated, “I have. I felt I had to do something 
since I had failed you so badly. I found Rama with Valmiki. 
The moment I mentioned your name Rama turned his back 
on me. But I shouted a bit, and I made him listen to the 
whole story. Tlien I told him that if he didn’t forgive you, 
I would pack up and leave him for good and go for a soldier 
in Persia or somewhere. ‘And what’s more,’ I said, ‘I shall 
be sorry I ever had you for a brother.’ Stupid thing to say, 
wasn’t it.^ But Rama turned quite pale. He took my hand 
and called himself a lot of names that I shan’t repeat. And 
he said he was sorry. And he forgave you. So he should. 
He loves you, you know.” 

“Not only me,” said Sita. 

When she met Rama again they saluted each other gravely 
and got down to business. This was quickly despatched. 
Rama told her that he wished to go back to Ayoda and 
accept tlie throne which was offered him. He had been 
turning over in his mind the best way to allay the scandal. 
He had consulted Valmiki. On the poet’s suggestion he had 
decided to award her, here and now, the titles of First Queen 
and Most Faithful IFifc. 

When he had said tliis, there was a moment’s silence 
between them. Then Sita smiled, and Rama smiled in 
return. After that, they embraced. Later that night, lying 
side by side in what had once been Ravan’s bed of state, 
they agreed that during the time that they had been apart, 
they had both grown considerably older; though not (they 
assured each other, embracing again) in their looks. 
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The Tale of the Stone ■ Woman 
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T he next day, somewhat late in the forenoon, Rama 
called the ambassadors from Ayoda into his presence 
and told them he had decided to return to his native 
city and to take up his inheritance. 

The ambassadors prostrated themselves with shouts of 
joy and for the first time in his life Rama heard himself 
addressed as “Your Majesty”. At first it sounded well in his 
ears. In the course of the next hour he heard himself thus 
addressed some two hundred and fifty times as each of the 
ambassadors, unfortunately no longer prostrate, made him 
a eulogistic speech. 

Rama listened with what he hoped was a kingly expres- 
sion, but the pleasures of the night before had been fatiguing. 
Rama yawned, Rama nodded, and Rama fell soundly 
asleep. 

An attendant touched his elbow and he awoke. The last 
of the ambassadors, observing that he once more had his 
monarch’s attention, began his speech all over again. 

“My poor father,” said Rama to himself, thinking of King 
Dasa-ratha’s nights in the seraglio, “how he must have 
suffered.” And Rama, then and there, made up his mind that 
never, never, never would he follow in his fatlier’s footsteps. 

Having made this good resolution, he set about finding 
a way in which he could keep it. He dismissed the ambassa- 
dors and, giving orders for his own departure, he retired 
to the inner courtyard of Ravan’s Palace to avoid the bustle 
and noise of packing, and to think. 

He thought first that he would like to be known to 
history as “Rama the Chaste” but he remembered Valmiki’s 
tale of Kumar. He next thought that he might make a great 
study of the laws of his country and produce a code which 
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would endure for a thousand years, the Code of Rama the 
Wise: but he remembered the locust and tempered his ambi- 
tions. He next^thought of half a dozen ways that would help 
him to rise above l)is baser nature, but none of the six would 
have passed Valmiki’s scrutiny. 

“Yet,” said Rama, pacing the courtyard, “even Valmiki 
says that he does not know cverytlhng. I feel that there must 
be some way in which a man can elevate his spirit which he 
has overlooked. Are we like animals, chained to our appe- 
tites.^ I cannot believe it.” 

At this moment an official of his retinue came into the 
courtyard and, bowing profoundly, asked if there was any- 
thing which His Majesty especially wished to preserve in 
Ravan’s Palace — any artistic object, furniture, statue, or so 
forth. If not, then, said the official, perhaps His Majesty 
would condescend to indicate at which hour the customary 
looting could begin. 

Rama glanced round the ugly little courtyard, the lumpish 
statues and the squat columns. He remembered with a 
shudder the gilt bedroom in which he had slept with Sita 
the night before. 

“No,” he said, “there is nothing. King Ravan’s taste 
was even worse than that of my father.” As he said this, 
a splendid and most elevated idea struck him, with which 
he was so enamoured that he forgot to set the hour for 
looting, with the result that Ravan’s Palace was stripped 
piecemeal and furtively, without joy, and without con- 
flagration. For this reason Rama was forever after known 
in Lanka as The Merciful. 

Rama did not mention his splendid notion until the immense 
cavalcade of the Court, the Royal Guard, and the Royal 
retainers had nearly completed its journey towards Ayoda. 
The city came into sight at twilight, and Rama gave orders 
that camp should be pitched for the night, so that his entry 
into his patrimony could take place in the full light of day. 

A silken tent was put up for Rama and Sita, and by 
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Rama’s orders the front hangings were raised on ebony 
poles so that the city lay before them as they ate and drank. 
He summoned Valmiki to join him. 

When Sita retired to rest from the fatigues of the day, 
Rama stayed and talked to Valmiki for some time, reviewing 
their experiences together and so passing on to what he 
would do in the future. 

“Looking at the city of my birth again,” he said, “brings 
back to me something of my youth — the time, that is, be- 
fore I had the melancholy advantage of your wisdom. I think 
that there was something touching in my faith in the good- 
ness of mankind, and in noble ideas. I regret that it is gone. 
But there is still something left. Your views of the general 
run of the world may be — indeed are — correct. But there 
are human spirits which rise above it and I think you are 
inclined to forget them — a strange thing, since you are a 
poet. I mean, of course, artists. These are the men who can 
elevate our spirits. These are the men who can show us a 
finer world than the one which you delineate. The wise 
man, it seems to me, will take refuge from the deficiencies 
of his fellow men by the cultivation of his sensibilities, his 
taste, his appreciation of the finest products of the human 
genius. This is what I mean to do. I shall beautify Ayoda 
with the most exquisite works of art that I can find. I shall 
raise harmonious buildings that will be a benison to the 
weary soul. And when the world becomes too much like 
what you say it is, I shall shut myself up in my cabinet and 
bury myself in beauty. In this way I shall not have held my 
early ideals quite in vain. I have given a great deal of thought 
to the matter, and I think that my solution is the wisest, 
perhaps the only one, for a sensible man. You are, I see,” 
said Rama, “smiling. If I am wrong in my plans, please 
correct me.” 

“One does not correct kings,” said Valmiki. “But your 
Majesty’s vision of the future reminded me of the experi- 
ences of one of the finest geniuses in creation of works of 
art that our country has ever known. But Your Majesty 
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will have more important things to do from now on than to 
listen to my tales.” 

“I shall always be glad,” said Rama, “to hear of the ex- 
periences of a* genius, especially in the creative arts. Please 
tell me your tale.’* 

“Well, then, tis Your Majesty commands. But, Rama,” 
said Valmiki, taking Rama’s hand and pressing it, “it must 
be the last. I am no courtier, and I have my poem to finish. 
I shall -go with you into Ayoda — it is a long time since I 
have seen it — but then I shall ask your permission to leave.” 

“I shall give it very reluctantly,” said Rama, and pressed 
Valmiki’s hand in return. “But let me hear your tale, the last, 
if it must be so.” 

Valmiki drank deeply from his sherbet, looked into the 
crystal bowl for a moment and then began the Tale of the 
Stone Woman. 

Young Balan (Valmiki said) was a genius, but apart from 
that his parents and his friends had nothing against him. 
His father and all his friends were stone-masons. For tei< 
years they had been engaged upon the building of a temple. 
This temple was in the shape of a small pyramid with a 
flat top and four sides. Each of the four sides was divided 
into eight layers and each of the eight layers had a hundred 
sculptures of gods, goddesses, devils, and attendants. The 
carvings were not very good because the stone-masons were 
not very talented: but the finished temple would have been 
harmonious, if rather dull, had it not been for Balan. When 
Balan had begun to carve he had tried to be as bad as his 
elders and betters. But although he shed many tears and 
was often thrashed, he was always the best carver of them all. 

The stone-masons were, by and large, coarse men, very 
ready with their fists, and young Balan led a miserable life. 
Fortunately, the master-mason could recognise genius when 
he saw it and when he saw it he knew what to do. 

One day at sunset he told Balan to wait behind when the 
others went home, and in the twilight, standing in front of 
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the small leopard which the boy had been carving, he spoke 
to the genius in this kindly manner: 

“Balan, that is a very good leopard/’ 

Balan looked up at him in surprise. 

‘‘Do you think so, sir?” 

“I do. I think it is the best carving of a leopard I have 
ever seen.” 

“That you’ve ever seen, sir?” said Balan, and tears of 
pleasure wetted his eyelashes. 

“Yes, and I’ve seen more carving than most.” 

“Oh, yes, sir. You’ve seen everything.” 

“But I’ve never seen a leopard as good as that. Not 
anywhere. For instance, there are fifteen leopards already 
carved on this temple. Can you show me one as good as 
yours?” 

Balan did not know what to answer. He assumed in any 
case that no answer was expected because the twilight was 
now so dim that neither his nor anybody else’s carvings 
could be seen. But this did not trouble the master-mason, 
who went on admiring Balan’s and disparaging the others 
as though it were broad daylight. The master-mason was 
proud of being able to handle his men. He took trouble. 
He took so much trouble with Balan that at last the boy 
gained enough confidence to agree that his leopard, if not 
better, was certainly different, “because, sir,” he explained, 
“I went to the palace gardens and looked at the leopard 
that the Prince has got in a cage there and I don’t think the 
others have done that or at least if they did it was a long 
time ago. When leopards,” he added, politely, “might have 
been different.” 

“Different,” said the master-mason. “Different. That’s 
the very word I have been looking for. Your leopard is 
different.” 

“Yes,” said Balan, gaining even more confidence. 

“So of course it spoils the design,” said the master-mason, 
casually. “Of course it does and of course everybody says 
it does, and of course the Prince will say it does when he 
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■ sees it and you’ll get into trouble. People do not understand 
genius when they see it.” 

“No,” said Balan, not quite so sure of himself. 

“No,” agrebd the master-mason, “so that’s why tomor- 
row I’m going to take you off the outside and put you to 
work on a corner of the walls inside where you can be as 
different as you like.” 

“Oh thank you, sir,” said Balan, and he made to kiss 
the master-mason’s feet, but the man stopped him, patted 
his shoulder and left. Balan, his pulses racing with pleasure, 
turned to his leopard. He stroked it fondly with the tips of 
his fingers. It was now quite dark. 

So was the corner in which, next morning, he was put 
to work. It was one of the two corners which faced the 
altar. Therefore anybody who came into the temple in the 
right frame of mind would keep the back of his head to- 
wards it. When he left he would perhaps sec it better, but 
only if he threw back his head and strained his eyes until 
they watered. I'he master-mason led Balan to this corner, 
helped him up the bamboo scaffolding, gave him an oil 
lamp and said: 

“Now my boy, I’m not going to try to tell a genius like 
you what you should carve on the stone there in front of 
you. You can carve exactly what you please. And if any- 
body tries to stop you, just you tell me and I’ll have two 
words with him that he won’t forget.” 

“Thank you,” said Balan, and when his patron and pro- 
tector had left him, he burst into tears. The violence of his 
weeping surprised him and he said aloud between his sobs: 

“I didn’t know that anybody could be so miserable as I 
am.” In the next instant he told himself that he didn’t know 
that anybody could be so frightened, for a voice that was 
neither human nor animal but more unpleasant than either 
had said mockingly in his car: 

“Ha!” 

Balan knew that it was a devil and hastily began to pray. 

“What’s that you’re muttering.^” said the voice, sharply, 
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and once more it came from the empty air next to Balan'd 
ear. 

“I’m praying that if you’re a devil you’ll go away,’’ said 
Balan. 

“I’m not a devil,’’ said the voice. “Do you know what I 
really am.^” 

“No,” whispered Balan. 

“Guess,” said the voice, with a most unpleasant tone of 
mockery. 

From the sound of the voice (which was all Balan had to 
go by) it seemed to Balan that he was being addressed by 
a very old and bronchial dog in the worst of tempers. But 
Balan thought it wiser not to say so. He therefore stayed 
silent, except for a single sob that remained from his storm 
of tears. 

“Hold up your lamp, boy!” 

Balan obeyed, trembling so much that the small flame 
was all but blown out. When it had steadied again, Balan 
saw that at the other end of the platform on which he stood 
sat an aged man who even in the flickering light of the lamp 
looked extremely dirty. 

“Good morning, brother genius,” the voice spoke in 
Balan’s ear: but the lips of the old man moved with the 
words. Balan glanced to his right and back to the old man. 
“It’s the echo from the shell,” said the voice. “Fancy a 
young genius like you not guessing that,” said the old man, 
sarcastically, and Balan saw that the corner near which he 
stood was carved into the shape of a large shell with ribs 
of the greatest delicacy. 

“Come here,” said tlie old man. 

Balan cautiously edged his way along the platform. 

“Look at that,” said the old man, and taking the boy’s 
wrists between fingers caked with dirt and stone dust, tlic 
old man drew the lamp towards the wall. 

Balan saw what he took to be a growing flower and then 
beside it another, and then another. Balan touched them 
with his fingers and found that they were of stone. 
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“One hundred and eighty seven of them,” said the old 
man. “One for every week that I’ve squatted up here like 
a monkey on q mango tree. I can do them with my eyes shut 
now. I don’t even trouble to light my lamp. It saves the 
money that would go in oil. ^^at d’you think of them.^ 
If you don’t like ’em, don’t tell me because I don’t want to 
hear.” 

“But I do like them,” said Balan. “They’re wonderful. 
I wish 1 could carve like that.” 

“Well,” said the old man, “since that son of a diseased 
she-buffalo has stuck you up here on this perch with me, 
you probably can.” 

An hour later, when the old man had told enough of his 
life story to convince Balan that the master-mason was a 
scoundrel, Balan said: 

“I shall run away.” 

“I’ve done that,” said the old man. 

“I shall run away to another country.” 

“I’ve done that,” said the old man. 

“And when I get there I shall go to the first place where 
they’re building and I shall take a bit of stone and carve it 
and then I shall say to the master-mason, ‘Give me some 
work.’ ” 

“I’ve done that too,” said the old man. 

“And what did they say.^” asked Balan. 

“They said that they didn’t want any dirty foreigners 
teaching them their business.” 

“That was because they were ignorant,” said Balan. 

“Yes,” replied the old man. “Then somebody on the top 
scaffold dropped a mallet and it hit me on the head. That 
was because they were ignorant too.” 

“I see,” said Balan. “So you came back here.” 

“I had to eat.” 

Balan sighed. 

“And so have you,” said the old man, “so you’d better 
get to work,” 
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*‘What shall I carve?” said Balan. 

“Anything you like,” said the old man. “Nobody but me 
will ever see it.” 

“Well then, what would you like?” said Balan, for he 
had conceived a great respect for the old man, the flowers 
being so wonderfully well carved. 

“Want to know?” said the old man, picking his ear and 
glancing at Balan out of the corner of his eye. 

“Yes, master.” 

“Fd like a woman,” said the old man, and smacked his 
lips. 

“You mean you’d like me to carve a woman?” said 
Balan. 

“That’s right. Never could do them myself. Do one 
standing on that shell. No. Sitting. No. Standing. Well, 
anyway you like so long as she's a woman.” 

“I don’t know that I can,” said Balan. “Fve only studied 
leopards. I don’t think Fve really looked at a woman.” 

“No?” said the old man, squeaking with surprise. “That’s 
a funny thing. As for me, I don’t think Fve ever looked 
at anything else. Fll tell you what they look like. First,” 
said the old man, and raising a grimy and descriptive finger, 
he catalogued their charms. 

When he had done, Balan said: 

“Well, sir, perhaps Fd better have a look for myself.’ 

“Do,” said the old man, croaking affably, “do. Mebbe 
you’ll see something Fve missed.” 

“I don’t think so,” said Balan, and edging away to his 
end of the scaffolding, he busied himself for the rest of the 
day taking measurements of the stones and chalking out a 
site for his carving. 

That evening, and for many evenings afterwards, he went 
to the well to study the women drawing water. Next morn- 
ing, and for interminable mornings afterwards, he carved 
in his corner. The old man took so much interest in the 
progress of the work (although he was often impatient) 
that he brought his own lamp and oil, and all but gave up 
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carving his flowers. Balan still thought him a. great artist, 
but he had learned that if you wish to admire great artists, 
it is better not to listen to their conversation, this being one 
of the reason^ why great aitists are admired much more 
when they are dead. 

• 

Balan had scarcely finished carving the last of the statue’s 
toes when, one day towards the beginning of the rains, he 
and the old man were turned out of the temple. Their 
scaffold was torn down, and they were set to the ignomini- 
ous task of seeing that there was not a single loose stone 
on the whole of the path from the doorway of the temple to 
the grand west portal of the Prince’s palace. This was not 
because they had done anything wrong — nobody could re- 
call vdiat they had been doing — but because the Prince had 
decided to visit the temple and observe the progress of the 
work. This caused much anxious bustle because the Prince 
was a man of great taste who thought sufficiently highly of 
artists ro cut off their heads when they were very bad; 
and when they were very good, to tell them so. This was 
considered most condescending on His Highness’ part and 
every artist in the Kingdom aimed to please him. 

On the day of the visit, everybody who had taken any 
part in the building of the temple were assembled in front 
of it. In the first row were the Prince’s counsellors and 
advisors who had said that it was quite unnecessary to waste 
money building a temple but who, when the Prince had 
ordered work to start, had been broad-minded enough to 
raise no objection. Behind them came the Royal Suppliers, 
who had found stone (which was underneath their feet) 
and workmen (who daily stood in the middle of the market- 
place in search of work). Behind these came the architects 
of whom there were eight, each of whom had drawn up a 
design for the building and had had it turned down by the 
Prince, thus proving that the Prince was eight times as 
good as any architect in the Kingdom. Behind these stood 
the master-mason who had built the temple according to 
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the Prince’s instructions, save that he had put in a few tricks' 
of the trade to ensure that it did not fall down: then, at a con- 
siderable distance came the men who had built the temple, 
their sons, their relatives and friends: behind these stood 
Balan and the old man. Behind Balan and the old man was 
nobody because from so far away nothing could be seen 
at all. 

When the Prince arrived the people in the front rows saw 
a tall man without much hair on his head, who had thin but 
delicately shaped lips, a fine curved nose that was a little 
wrinkled up at the nostrils, and eyes that were half-closed 
as though from insupportable weariness. He was dressed in 
the height of a foreign fashion that consisted of shawls 
draped around the upper part of his body, the whole ele- 
gantly caught in at the waist with a belt made of gold tissue 
sprinkled with little round pieces of looking-glass. The 
prince walked on gold sandals under a silk umbrella and 
the bystanders bowed to the ground and looked at him 
through their fingers. 

The Prince tilted back his head and looked at the fagade 
of the temple. It was forty-six feet high and it was carved 
with seven hundred figures. 

The Prince said: 

“Charming.” He ran his eyes over the seven hundred 
figures and his expression was that of a man looking at a 
litter of puppies. 

“Clumsy in places, but charming,” he said. 

Everyone took his fingers away from his eyes, straight- 
ened his back, looked at the forty-six-foot-high tem- 
ple as though it were a litter of puppies and said: “It is 
charming.” 

Speaking to the man who bore his umbrella, the Prince 
said: 

“It is not a masterpiece, but then, we did not expect 
masterpieces from our local talent.” He then went inside 
and was immediately followed there by the Chief Brahmin 
and some seventy lesser Brahmins, all chanting. 
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The Prince’s last remark had been spoken quietly and 
this caused confusion among the spectators. Some heard the 
word “masterpiece” and therefore gazed at the temple 
transfixed, drawing in little breaths of astonishment. Others 
heard the words, "We did not expect masterpieces from 
our local talent, ”*and these were beaming upon tlie master- 
masons: while others heard exactly what the Prince had said 
and therefore looked contemptuous and amused. Since this 
last is a striking and sobering expression, the others be- 
came aware of their mistake, and in due course everybody 
managed to look contemptuous and amused, except the 
stone-masons. Balan and the old man had no noteworthy 
expression on their faces at all because they had heard noth- 
ing and seen nothing except the tip of the Prince’s honorific 
umbrella. 

By the time that everybody outside had assumed the 
right expression, the priests inside had got well launched 
into the ritual of blessing the temple: a long affair in any 
circumstances, but particularly now, since the Chief Brahmin 
had the Prince at his mercy, and the Prince a year ago in 
the Palace, had called him a prosy old fool. The Chief 
Brahmin therefore spun out the prayers and scattered the 
holy water with the deliberation of a man distributing the 
last remaining drink to a caravan lost in a desert. The Prince 
sat upon a carpet in a devout posture, and yawned. 

The Prince looked up and round the hollow pyramid of 
the temple but could make out nothing, since the ritual 
lamps of the Brahmins scarcely carried beyond the altar. 
The Prince yawned again and began dressing himself in 
another foreign fashion, item by item, in his mind’s eye. 
This was a favourite device of his to pass away the time, 
and in following it out, he began to play with his sash. 
The mirrors on the sash threw reflections. One of these fell 
straight on the face of the Chief Brahmin, putting his chant- 
ing out of beat in a manner which the Prince found amusing. 
The Prince now began to aim one of the mirrors wdth more 
accuracy, but the Chief Brahmin, glancing at him as he did 
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SO, the Prince pretended to be throwing the reflection on 
the walls. 

Thus, quiveringly alive in the beam of the mirror, Balan’s 
statue burst upon the astonished Prince. 
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The Tale of the Stone Woman 
concluded 


W HEN the ceremony was over the Prince came out 
of the Temple. His brows were drawn together, 
his eyes flashed, and his lips were tight with anger. 
He spoke sharply to a Chamberlain, who spoke irritably to 
the fr( )nt rank of the crowd, who spoke furiously wth one 
another. After a moment, the master-mason strode towards 
Balan and seized him by the shoulder. 

“This is the scoundrel,” he said, and gave Balan a vigor- 
ous push. “This is the scoundrel who carved the woman. 
Beg pardon at His Highness’ feet and may he have mercy 
on you.” 

Balan could now see the Prince quite clearly, for the 
crowd had parted to leave a lane for him. He saw not only 
the Prince, but also the Executioner who stood by his side. 

The stone-mason gave him a second push and Balan ran 
unsteadily down the lane until he reached the Prince, when 
he flung himself face downwards in the dust a few inches 
from the Prince’s golden sandals. He heard the Prince’s 
voice above him. 

“Is this true.^” the Prince said. “Is it true that you carved 
the woman.^” 

Balan bobbed his head up and down in the dust. 

“I mean the woman in the north-east corner,” said the 
Prince. 

Balan bobbed his head again. 

“How old are you.^” 

“Eighteen, Sire.” 

“Did anybody help you.^” 

“No, Sire.” 
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“It is a masterpiece. What is your name.^” 

Balan, lifting his mouth from the dust, told the Prince’s 
shapely ankles his name. 

“It is I who should be grovelling on the ground before 
you,” said the Prince’s voice. Balan lifted his eyes to the 
Prince’s knees. The Prince went on, “However, in the cir- 
cumstances, your present position is to be preferred. Look 
up,” Balan did so. The Prince’s expression was ferocious. 

“Do not take any notice of the way I look,” the Prince 
went on. “If they thought I liked your sculpture I would 
never have found out who did it. I should have been told it 
was done by the son of my superintendent of works who 
has not enough talent to carve a pat of butter. Get down on 
the ground again.” 

Balan, his blood racing with pleasure, obeyed. 

“I want to talk to you. Can you hear me.^” 

“Yes, Sire.” 

“When I tell you to get up, rise and follow the Execu- 
tioner. You understand.^” 

“Yes, Sire.” 

“Look as though you are going to have your head cut off.” 

“Yes, Sire.” 

Balan raised his eyes to the Prince’s ankles again. 

“Sire.” 

“What now.?” 

“How does a person look who’s going to have his head 
cut off.?” 

“There speaks the true artist,” said the Prince. “A per- 
son in these parts who is going to have his head cut off 
looks, if possible, even more stupid that he does in normal 
circumstances. I find it very disappointing. You would 
think that the prospect of being decapitated would sharpen 
their wits a little, but it doesn’t. Now, be quiet and do as 1 
told you. I cannot keep this expression any longer. It is 
making my face ache and I shall develop lines on my fore- 
head. Rise!” 

“He deserves it,” said the crowd, as the Prince, his um- 
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brella bearer, the Executioner, and an expressionless but 
dusty Balan slowly walked away. 

When they arrived at the Palace, the Prince questioned 
Balan again, and in private, nor was he quite satisfied that 
Balan was the soulptor of the masterpiece until Balan had 
modelled a piece of clay into the shape of an animal. The 
animal that Balan chose to model was a leopard, and when 
the Prince had done admiring it, Balan explained how he 
had looked at the leopards in the Palace gardens and carved 
what he saw. 

“Do you always carve what you see.^” asked the Prince. 

“Always, Sire.” 

“Did you see that woman.^” 

Balan, thinking of the hours he had spent by the well, 
said: 

“Yes.” 

This answer put him into the most desperate peril, but 
not immediately. First, the temple was surrounded by sol- 
diers every evening: the soldiers built a platform inside the 
temple and for ten evenings in succession the Prince climbed 
the scaffolding and while the officers of the army held 
flaming torches, the Prince gazed at the masterpiece. 

He admired the lines, the planes, the pose, and the rhythm 
of Balan’s sculpture until Balan’s head swelled with pride 
and he stopped adding “Sire” to the end of every sentence 
when he spoke to His Highness. During these ten days 
Balan lived luxuriously in the Palace and was given every- 
thing that he desired, except money. 

Then on the eleventh day the Prince said to him: 

“I have decided four things. First, I shall reward you 
with a gold chain, the title of Sculptor to the Court, and a 
suite of rooms in the west wing to be yours as long as you 
live.” 

Balan bowed, by no means to the ground, but respectfully. 

“Second,” said the Prince, “I have decided that these 
honours shall be showered on you on the day that you 
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bring here before me the woman you studied as a model of 
your sculpture and,” went on the Prince as Balan began to 
protest, “thirdly I have decided to marry her: that is, if she 
is exactly, and in all respects, the same as your wonderful 
sculpture. Fourthly, if she is not, I shall cut off your head 
as an impostor, even if you carve me a whole menagerie 
of leopards. That is all. Have you anything to say.^” 

But Balan had nothing to say at all for he lay at His 
Highness’ feet insensible. 

The Prince gave Balan seven days in which to produce the 
royal bride. A hundred times on each of those seven days 
Balan cursed his genius: although he spent hours at the well, 
he could find no one woman who looked like his sculpture. 
Some had the eyes, many had the mouth, a few had the 
bosom and two had the hips. But short of cutting the women 
up and sticking them together again — which was what he 
had done in his mind’s eye when he carved the statue — 
there was no way of meeting the Prince’s demand. 

On the sixth day he had chosen a girl in desperation and 
by denying the plain evidence of his eyes, he had told 
himself that she would do. He had gone to the Prince with 
as much courage as he could muster and he had begun to 
say the woman’s name: but the sight of the Prince’s dis- 
criminating eyes, the sight of the Prince’s fastidious nostrils, 
and the knowledge that in matters of art the Prince was 
notoriously no fool had betrayed him. He had backed out 
of His Highness’ presence, confused, trembling, and almost 
as bloodless as when he swooned away. 

The Prince affected to notice nothing of all this. But 
when Balan reached the door in his backward progress, the 
Prince asked his chamberlain in a loud voice to tell him the 
date. 

The rest of this sixth day of his allotted seven, Balan 
spent in wandering through the town looking at women in a 
manner so distracted that they drew their head-coverings 
more closely about their faces and trotted rapidly away from 
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his neighbourhood with indignant clatterings o-f their silver 
anklets. Thus occupied, and scarcely knowing what path 
he took, he d^ew near the temple in which his misfortune 
had begun. He was seized with a great desire to tell his 
troubles to someone, and, seeing the temple, he remem- 
bered, the old man with dirty hands who had been his 
partner on the scaffold. It seemed to Balan that this old 
man was sufficiently obscure and friendless to be safe with 
Balan’s secret. He hurried towards the temple. 

While nobody in the town knew just how Balan had 
contrived to escape (as it seemed) his fate, anybody with 
eyes could see that Balan still carried his head on his shoul- 
ders. Besides, he wore a Court robe, a sure sign of the 
Prince’s favour. Therefore, when the master-mason saw 
Balan approaching the temple, he scrambled down from his 
scaffold, ran towards him, and made the young man a pro- 
found salutation 

“Ah,” said Balan, with some irritation, “my old master. 
I was looking for the man who used to work with me 
inside.” 

“His Highness wants him.^” said the master-mason, bow- 
ing again. 

“No,” said Balan. “No, not at all. I — I wanted to discuss 
something with him myself.” 

“Of course, of course,” said the master-mason. “Nothing 
could be more natural. Unfortunately he has been sent 
away.” He bowed a third time and as he did so he could 
not help admiring his own knowledge of how to handle 
men. Anybody else he reflected, would have made the mis- 
take of treating Balan as an old friend. But not the master 
mason. 

“Is there any way in which I could help you.^” said the 
master-mason. 

“Yes,” said Balan. “I’ve told you. I want to speak to the 
old man. You can tell me where he is,” 

“Certainly, certainly,” said the master-mason. He per- 
mitted himself just the least touch of familiarity. “His 
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Highness was very complimentary to me about the statue 
which took his fancy. But of course I insisted that it was you 
who carved it, not me.” 

“That was kind of you,” said Balan, looking about him 
impatiently. 

“It was no more than the truth. As I told His Highness, 
my part in it was merely to guide your hand with my experi- 
ence and to encourage you to go on when the difficulties got 
too much for you. His Highness ...” 

But at this moment Balan saw the old man sitting cross- 
legged on the ground a hundred yards away, smoothing a 
large stone with his chisel. He made his excuses very hur- 
riedly to the master-mason, who, with all the breeding in 
the world, said that he fully understood. He said that he 
hoped that Balan would pay him a visit tomorrow. 

At this word Balan went pale. 

“Or the day after tomorrow,” said the mason, with great 
tact; at which Balan said, seizing his hands emotionally: 

“Oh yes. Yes, so do 1. 1 do hope we shall meet the day 
after tomorrow.” 

As the stone-mason watched Balan make his way to- 
wards the old man, he smiled. There was no doubt, he told 
himself, that he knew how to handle men. 

The old man had grown, if anything, dirtier since Balan had 
last seen him and his voice had become more cracked. When 
Balan had seated himself beside him (for the old man gave 
him no greeting) the old man said: 

“They don’t let me work inside any more. Know 
why.?” 

“No.” 

“Because they think the smell of me might annoy your 
fancy friend.” 

“You mean His Highness?” 

The old man, for an answer, sent chips from the stone 
flying in Balan’s direction. 

“So they put me on this,” he croaked. “To what,” he 
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’said, “do I owe my promotion? Your pull at Court, I 
suppose?” The old man spat. 

Balan with tears in his eyes said: 

“Don’t be angry with me. And I haven’t got any pull at 
Court. In fact, I’m in dreadful trouble.” 

The old man glanced at his face and then, laying down his 
chise^, said: 

“Tell me, my boy.” 

“How long have you got to find her?” asked the old man, 
when Balan had finished. 

“Till tomorrow morning,” said Balan, and he stared at 
the old man with wide open eyes, picturing the morning, 
the Executioner, his sword, and his own head rolling across 
the Prince’s marble floor. 

“Well, that’s plenty of time,” said the old man. “I know 
she’s in the village because I saw her on the road not an 
hour ago. Fancy little chit,” said the old man, with a salaci- 
ous grin. “If you go now you’ll catch her by the well, I 
shouldn’t wonder.” 

“Catch who?” asked Balan. 

“The woman you’re looking for.” 

“But she doesn’t exist,” said Balan. 

“Oho, yes she does,” said the old man. “She’s the one we 
all call Lotus Blossom.” 

Lotus Blossom?” said Balan in a shocked voice, for she 
was the town’s most notorious young woman. 

“Yes,” said the old man. “Though she’s pretty well in 
full bloom by now, eli?” He chuckled enormously at his 
own joke until he had to stop for a fit of coughing. 

“But she’s nothing like my statue,” said Balan. 

“Look,” said the old man, wagging a dirty finger at him. 
“You’re maybe a genius but you don’t know anything 
about life.” 

“That’s true.” 

“Whereas me,” said the old man, “I am a genius and I 
know a sight too much about life. So just you go and tell 
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Lotus Blossom to have a talk with me and after that' 
you take her to the Prince. It’ll be all right, I promise 
you.” 

“But what a gamble,” said Balan, almost crying with 
anxiety. 

“Better a gamble than a dead certainty,” said the old man, 
and he made a chopping gesture with his unwashed hand 
that made Balan’s blood stand still in his veins. 

Balan went to the well. He did not have to search for Lotus 
Blossom. The difficulty for any well-dressed young man 
in her vicinity was to avoid her. She cast Balan a languorous 
look and walked past him in a provocative manner. Balan 
coughed. She stopped. He looked furtively to left and right 
and delivered his message. 

Lotus Blossom listened. Balan asked her if she had under- 
stood. She lowered her eyelids slowly looking sideways up 
at him. In her usual daily run this expression spoke volumes. 
Balan, in the circumstances, found it uninformative. But 
she sinuously walked away and since she was going, how- 
ever loiteringly, in the direction of the temple, Balan took 
it that she had grasped his message. He looked after her 
and sighed. She was not even the same height as his 
statue. 

In the cool of the evening Balam presented Lotus Blossom 
to the Prince. His knees shook but he managed to keep 
control of his voice as he told the Prince of his final success 
in finding his model. He waved his hand towards Lotus 
Blossom, who stood beside him swathed from head to foot 
in innumerable gauzes. 

“Unveil,” the Prince commanded. 

“Highness,” said Balan, “the lady requests that she be 
seen by the same light as you saw my statue: namely, she 
asks for lamps and a darkened room.” 

“iEsthetically,” said the Prince, “there is much to be said 
for such a course. Come, my dear,” he said, endeavouring 
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to pierce with his eager eye the wrappings about her, “let 
us go to an inner apartment.” 

Curving rhythmically, Lotus Blossom followed the Prince 
into a small but restfully appointed room in which the Prince 
had his day bed. • 

Attendants dsew the curtains; servants brought lamps. 
Wheit they were lit, the Prince clapped his hands and every- 
one save Lotus Blossom and the Prince withdrew. 

“Come, my dear,” said the Prince, and drew her down on 
to the bed. As she slowly sank into a sitting position, Lotus 
Blossom deftly dropped an aromatic pastille into the nearest 
lamp. 

The Prince remembered his reputation. He made some 
remarks about sculpture, but they were perfunctory. “Now, 
my dear,” he said. 

Lotus Blossom leaned towards him, kissed him, lowered 
her eyelids and lengthily unveiled. 

As Balan knew, there were innumerable differences be- 
tween her torso and that of his statue. The Prince passed 
them over, noting only one. He observed, with rapturous 
delight, that Lotus Blossom was by no means made of 
stone. 

Balan waited in an agony of suspense until the Prince sent 
out for an elaborate supper tor two. Balan waited on till 
midnight, more puzzled than anxious, until the Prince sent 
out for sherbets and his sleeping gown. Then Balan went 
to bed and slept until next morning, but with some very 
bad dreams. A knock on his door brought him bounding 
out of bed, his fingers feeling his throat. The door opened 
to admit a gigantic negro slave bearing a scimitar. 

Its hilt was incrusted with precious stones. Turning this 
rich hilt towards Balan, the negro slave thrust it into Balan’s 
trembling hands. A bustle at the door heralded a Court 
official who, out of breath with running, read from a vellum 
scroll the announcement that His Highness had raised Balan, 
at six o’clock that very morning, from the rank of Sculptor 
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to the Court to the rank of Sculptor Extraordinary, with the 
right to bear arms, the rank of a nobleman, and a pension 
for life. 

Once more, Balan fainted dead away. 

Some weeks later Balan and the old man were taking their 
ease in the garden enclosure of Balan’s palace suitfc. The 
old man was now Advisory Assistant to the Sculptor Extra- 
ordinary and he too had a pension. He also had an official 
robe of white damask, in which despite a thorough scrub- 
bing by the Palace attendants, he managed to look dirtier 
than ever. 

“How did you know.^” asked Balan, “that His Highness’ 
celebrated good taste for artistic things had — well — it’s 
other side?” 

“How?” said the old man. “I’ll tell you something, and 
see that you always bear it in mind. Art is long, me boy, 
but a touch of Mother Nature goes a dam’ sight further.” 

“Yes,” said Balan, and remained silent until it was time 
to go to an official reception. 

He scarcely touched a chisel again till the day of his death 
forty years later, for he was too busy being an officially 
acknowledged genius. 
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The' Ordeal of Chastity 

D uring the whole length of the festivities which 
greeted Rama’s return to Ayoda (with his army 
accompanying him to add conviction to the citizens’ 
rejoicings) Sita’s title of Most Faithful Wife had the desired 
effect of repressing gossip. Barat met his brother a mile from 
the gates, dressed in plain white, and in a lengthy speech 
insisted that he accepted the throne only as a regent. Rama 
and he went on together in the same chariot and the accla- 
mations of the citizens were frantic. Flowers were rained 
upon Sita, and some of them fell upon Valmiki who rode in 
her train, disguised as a Royal tutor, for he feared his 
enemies, the Brahmins, even under royal protection. 

At the gateway the procession was witnessed by a stately 
if coarse-featured lady who was dressed for travelling, and 
whose sumptuous caravan waited in a side alley. This was 
Mantara, once a nurse, then the Lady Mantara, and now a 
rich old woman with a safe conduct from the clement Rama. 

When she heard the citizens near her shout Sita’s new 
title, she said: 

“Most chaste, eh.^ When I was a girl, a woman who’d lived 
in the house of another man had a little test to pass before 
she was called that. Some of ’em passed it, I don’t deny, or 
so it’s said. But most of them were done to a turn.” 

The citizens laughed, and Mantara, the procession over, 
called her camels and went on her way, wicked, malicious, 
exposed, disgraced, and the owner of a small fortune in State 
jewels. Thus nemesis, if not bankruptcy, overtakes the 
wrong doer in the end. 

The rejoicings lasted three days. At the end of this period 
the citizens, reluctant to return to the daily round, looked 
about them for other entertainment. It was then that the 
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words of Mantara bore fruit. The citizens, in a loyal address 
to their beloved ruler, asked that he put his wife on a pile 
of inflammable wood and ignite it. If she was burned it 
would prove that she had been unchaste. If she was not 
burned (and they were loyally sure she would not be) it 
would prove that she was chaste. The Brahmins, to a man, 
applauded the idea which they said had the sanction of reli- 
gion and ancient custom. 

Rama received the address in full state. In the days before 
his exile he would have been enraged, horrified, and indig- 
nant. He would have denounced the custom as barbarous 
and the citizens as ghouls. Now he dismissed them with little 
gifts, and sent for Valmiki. 

Valmiki, in turn, sent for the King’s astrologer. 

The King’s astrologer listened to Valmiki and said that it 
could certainly be done but the matter would take time. He 
would have to make experiments, first with an unchaste 
woman and then with a chaste one. In these matters one had 
to proceed step by step. He would need apparatus, 

Rama, who was present, had progressed sufficiently in the 
art of government to tell the astrologer that his apparatus 
was ready and waiting. Striking a gong, he called for some- 
one to lead the astrologer to his new laboratory. The 
astrologer was less surprised than Rama had hoped when 
after a moment the two torturers, grown rather fatter but 
no less menacing, stood ready in the doorway. 

The astrologer sighed and turned to Valmiki. 

“It is called Egyptian Fire,” he said. “It is used by the 
priests of Anubis to produce miracles. I can make enough of 
it for your purpose in twenty-four hours. 

The next day but one the great square in front of the temple 
was packed with citizens standing shoulder to shoulder, so 
many that the soldiers could barely keep them clear of the 
pyre which had been built in the middle. It was an immense 
platform of wood, with two wall-like heaps of lighter wood 
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funning its entire length, leaving between thein a narrow 
pathway. 

At noon Rama took up his station on the temple steps 
under the royal umbrella. At five minutes past noon, chant- 
ing was begun by a choir of Brahmins of hymns in praise of 
chastity, and Rdma noticed that one of the best received by 
the crowd (which joined in) was that written by Kumar. 

At half-past twelve Sita came out, dressed in white and 
surrounded by weeping ladies-in-waiting. Bowing to Rama, 
she stood in prayer for a moment. Then she mounted the 
pyre amidst a great silence. As she reached the top, men put 
torches to the lower levels of the wood, which blazed in- 
stantly. Sita now began to walk slowly through the narrow 
corridor, and this burst into a furious flame and smoke 
of the most vivid colours. She was immediately lost to 
sight. 

The citizens groaned, but whether Sita was, it seemed 
unchaste, or whether because they were going to be cheated 
of seeing her burned to a cinder, they themselves could not 
have said. 

Then, after a considerable interval, Sita emerged, soiled 
in places, by soot, but otherwise unharmed. As the citizens 
caught their breath, white doves descended out of the sky 
and flew around Sita’s head. 

The enthusiasm of the people knew no bounds except 
those of the spear-butts of the soldiers who plied them man- 
fully on anyone who approached too near the now historic 
pyre of chastity. 

Drinking cooling sherbet in the Palace afterwards, Rama 
said to Sita: 

“I hope you were not frightened.” 

“A little,” said Sita, but without agitation. “There was 
more smoke than I expected from what you told me about 
the Egyptian Fire.” 

“You need not have been alarmed,” said Rama, “I had 
fifty guards with buckets of water hidden behind the temple 

229 



RAMA RETOLD 


in case of adcidents. But the astrologer did very well. I must 
reward him. Altogether, it was most impressive.” 

“Still,” said Valmiki, “the fire was only a conjuror’s trick. 
The doves, now, which were my contribution, raised the 
whole thing to a poetic level.” 


230 



VII 


T Yie next morning, very early so that they might part 
unobserved,: Rama and Valmiki rode to the main gate 
of Ayoda. Two guards, discreetly armed beneath their 
cloaks, rode with them, a bag of gold at each of their saddle- 
bows, the King’s gift tp his mentor. 

The gates had been closed the previous night. The two 
guards rode forward to awaken the gate-keeper. Rama and 
Valmiki reined in their horses and waited. 

A tipsy citizen who had been spending the night in an 
unsavoury quarter of the town came lurching round a corner. 
Seeing two gentlemen on horseback, he pulled himself to- 
gether, wished them a dignified goodmorning, and went on 
his way, unsteady in his walk, but with an expression of 
profound respectability. 

Rama and Valmiki watched him go, and then smiled at 
each other. 

The gates opened. 

Rama said; 

“Now we must part. I shall miss you greatly. I lay awake 
last night remembering the time we have spent together. I 
made up my mind to ask you a question. You have shown 
me how many things are an illusion. But in your way of 
looking at the world, is there anything that you believe is 
real.^^” 

Valmiki said: 

“Certainly, Rama. There are three things which are real: 
God, human folly, and laughter. Since the first two pass our 
comprehension, we must do what we can with the third. 
And now, we both have work to do. We must say goodbye.” 

The two men leaned from their horses and for a moment, 
embraced. 
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’rhen Rama rode back to the palace to govern Ayoda, and 
Valraiki, his guards on either side of him, rode through the 
gate towards a place of tranquillity in which to finish his 
story. 

THE END 
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A Notfi^on the Indian Enlightenment 

*• \ 

T |he Rdmqyana is a poem of twenty-four thousand 
verses. The first version, now quite buried, was very 
*mUch sl^r.ter. It was written during a wave of philo- 
sophic sceptijiism which is sufficiendy remarkable to be 
called the lo^anXi^^ightenment, a movement which threw 
doubt on the- Vqjy foundations of society. 

The better to ’understand how extraordinary this was, 
let us imagine such a revolt happening in our own 
times. First we must see what the sceptics would dis- 
believe; what particular pillars of our own beliefs they 
would shake; in what way they would scandalise even 
such intelligent, broad-minded persons as the reader and 
myself. 

To do that we must first determine which things in our 
own civilisation we take for granted because we believe them 
to be good. I can best arrive at this by describing a man I 
met in Corsica. 

A few years ago I had retreated for the purpose of quiet 
reflection to a small village or the warmer side of Corsica. 
This was the village of Cargese, which has one hotel and 
this hotel has only two bedrooms. In the dining-room of this 
hotel I met a Scandinavian. His name meant nothing to me 
but he was clearly a man of remarkable capacities. I had been 
living among a backward tribe in India and we struck up a 
conversation on the subject of primitive peoples. The Scandi- 
navian was most interested to know if my tribe ate maize. I 
was able to assure him they did not, at which he lost interest 
in them. But he kindly expounded for me his own theory 
about the migration of tribes in the Pacific, in the earlier 
periods of human history. I was interested by his theory, but 
astounded at his proof. He maintained that the inhabitants of 
the Pacific islands had colonised them from South America 
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by float! nf? across the ocean on a balsa rait. He had biiilt 
a raft and floated across himself. I 

Like most brave men Mr. Thor HeyerdalA is serious aiid 
practical. While he left me to guess the p^rilsfpf sailing .a raft 
across the Pacific, he told me of the meticulous organisation 
behind his adventure. This had begun (if •! remember cor- 
rectly) years before with the help of learned, societies.' It had 
involved the transportation of his crew by aeroplane: it called 
for cinematography and for radio tclcgr;"phy: it demanded 
official contracts with more than one Jepartiuent of more 
than one government: and it naturally had ties with, the major 
news journals of the world. The danger, the vision, the 
courage, and the glory were those of one man and his chosen 
companions; but his vision brought into play a vast social 
apparatus: and not the least striking thing about the Kon- 
Tiki expedition was that this apparatus had been turned for 
the first time after many years of war to the peaceful services 
of civilisation at its finest. It did not surprise me to learn from 
Mr. Heyerdahl that he had found this side of his enterprise 
the most exhausting. 

Now if we are proud of anything in our times, I think this 
is what we most take pride in — this community of civilised 
men that any of us can call upon, either to assist us to send 
a letter to friend in the next town or, if we have Mr. Thor 
Heyerdahl’s imagination, tenacity, and powers of organisa- 
tion, to cross the Pacific on a balsa raft. When we think of 
Mr. Heyerdahl and his fellow-navigators, we are moved by 
the picture of a few men in the middle of a limitless sea. But 
we must not forget that Mr. Heyerdahl’s object was not to 
prove the tiip a difficult one, but to show that it was easy 
enough to have been done first by savages, and that he main- 
tains that he has succeeded. What, then, distinguishes Mr. 
Heyerdahl from the original savage.^ In point of courage 
nothing. In point of culture, everything. The savage did 
little more than shift his body from one point to another; Mr. 
Heyerdahl moved half the world, in every sense. He used the 
skills and the brains of uncounted men who make films, 
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operate *'radio^rint newspapers, follow the progress of 
ethnology/' chjirt currents, own libraries, pilot aeroplanes, 
bank moneVj.ind reward brave men. Nothing, of course, 
can detract tjie pioneering merit of his feat; but it is 
significant of *;pur ^times that when this highly individual 
scientist kindly tfeft me his address, I found that it was “The 
Expi^r^ C/^^^ew York”. 

We hav^<j>i^g^Wd the world. Even if we aim, in the end, 
to' blow"^ to pieces, that will still call for a greater 
organisatio^l^JTHstory has ever seen, and we shall no 
doubt be'jCapabl^ of ft. \.; 

Now siipjpbse some sceptical thinkers arose amongst us 
and said, “The whole elaborate organisation is, in our 
opinion, preposterous nonsense. You are all mistaken. It 
must be scrapped and we must start again on different lines.” 
Would we have a parallel to the Indian Enlightenment.^ By 
no means. We should have merely a few cranks. 

Suppose, on the other hand, these sceptics spoke rather 
differei\tly. Suppose they said: “We have nothing against 
the elaborate toy which you call civilisation. It is very pretty, 
especially when all the parts are in working order. We do 
not suggest for a moment that you pull it to pieces and start 
anew. We do not suggest that you improve it. We do not 
suggest you do anything at all. So far as we are concerned 
our only wish is, with the greatest good-will, never to see 
your face again. If you arc curious to know what we propose 
to do, we shall endeavour to explain, but not very often. We 
intend to set about the proper business of a human being 
which is the improvement of his own soul. In this you can- 
not join us because you cannot call your souls your own. 
Since you depend every minute of your existence on every- 
body, you yourself are nobody. However, we will agree, in 
parting, that you are a jolly good fellow.” 

This is a true parallel. It will occur at once to the reader 
that there is another one. The first Christian monks turned 
their backs on the greatest civilisation the world had seen in 
the same way, except that I could not quote the language that 
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many of thrm used in doing it because it is 'i^t fit ip print. 
They, too, considered Roman civilisation pre|AostorQus; they 
also had no desire to alter it; and they too did^cjt (&?.i:ourage 
earnest seekers after the light to follow heft St. Jerome, 
writing to a female admirer, who wished lo ^n^ke a ’pilgrim- 
age, told her sourly that a visit to Bethlehein was not an 
absolute essential for holiness, Bethlehem /beirig,*j^ ihb time 
of writing, his place of residence. * ‘ 

What is it that caused thinking men /ait. tw»Q apicfes of 
civilisation, that of Brahminical India of Imperial 

Rome, to dismiss the whole conglolueratibn from their 
minds as trash, and to leave it. It needs no ^elTort of the 
imagination to see a man wanting to put civilisation right. 
We all do. This is called Progress. It is more difficult to 
understand how a man can hold that the civilisation of which 
he is a member is so unimportant that it is not worth his 
trouble to put right even if he knew how it should be done. 
We cannot even dismiss them as saints. Saints generally aim 
with holy determination to put things right. If I say, “He is 
a saint: he does not give a click of his beads whether you or 
even his own mother burns in Hell or not,” does it not 
conjure up a somewhat confusing picture? So these people 
are not what you ordinarily call saints, whatever your reli- 
gion: unless, of course, you are a Hindu, when you will not 
find it confusing at all. 

The best way to avoid confusion in thinking about the ways 
of human beings is to remember that the number of the ideas 
that have really moved mankind is very small and most of 
this small niz/nber of ideas are very simple. The difficulty is 
that you and I have room in our heads for only one or two 
of these simple ideas at the same time. 

For instance: one of the most powerful notions in ffie 
history of thought is that of the Devil. Another powerful 
idea is that of Nature obeying fixed laws. If you believe in 
Nature obeying fixed laws and I believe in Black Magic, and 
if we both want to obtain a nugget of gold, you will go 
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prospecting i^sbme place which your study oi|the laws of 
geologlcal'acti^n has led you to believe has auriferous rocks. 
]\will pOT'i lump of lead in a basin, and sacrifice a cock at 
midnight'^;^^ bVe mountain. You will think me an un- 
savbury charlatan; I will think you an uninspired fool. 
Ncnvadayg oUffriends would expect you to find the gold: 
in tte, Miodlb 3lges they would (privately) have put their 
moflj^ orcipj^ij^cause I cannot see your simple idea and 
y'ou'Cahn^|ge'«finte-we shall not only differ in our ways of 
getting differ about nearly everything under 

the sun; Sing^you oelieve that if you know how Nature 
works sh e wilf ao as you bid her, you will be conrfdeaf that 
if things are left to you and your co-workers, everything can 
be made bigger and better and everybody made happier. I, 
on the other hand, believe in the power of evil and I shall say 
that men are wicked and nothing will make them better 
and the fact had best be faced. Your idea may lead you 
to discover antibiotics or nerve gas: mine can make me 
a great leader of men. But the two ideas that are the base 
of our differences can be explained to an intelligent 
child. 

The simple idea that led the first monks to turn their backs 
on civilisation was Heaven. Heaven was a place much better 
than Rome. It was obvious that everybody was not going 
there, but it seemed to the monks that those who did not try 
with dll their might and main were as lacking commonsense 
as a man who owned a palace but lived in the basement 
because lie could not take the trouble to climb upstairs to 
bed. Like all men who have made up their minds and have 
no intention of altering them, their greatest plaj^^ae was well- 
meaning admirers who would neither take their advice nor 
stop asking for it. They therefore retired to remote spots to 
get to heaven by fasting, praying and hoping in peace and 
quiet. Yet Heaven is such a simple idea that nobody has 
troubled to explain what it is, except Dante, who in spite of 
his majestic poetry, does not convince a single reader that 
he has been there. 
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The simjpje idea which arose in India twef^-fiveTfehturies 
ago and which has shaken Indians and maiW who' are not 
ever since is that of moral obesity. > 

If, by the action of some malicious genii, \ fquhd that instead 
of being at my writing-table I was clinging tqja t^^peze 
feet above an audience at a circus, I woulcKbe-ficipiee^/iIniil 
I was carried down the ladder by attendsiu?? -If the^ same 
genii transported the trapfeze artift^^-.\h^4iani4timD"fo my 
writing-desk and invited him to wrike/abQU]r>j.iie doctrines 
of karmaydharma^ maya^ and moksha a^I am dqing^he would 
also" be it. .a loss. We both lack the necessary practice. No- 
body thinks this remarkable. It is accepted as obvious that 
some years spent daily at a writing-desk will have given me 
a knowledge of the elements of self-expression: while some 
years spent in rehearsals will have given him a knowledge of 
what, from ignorance of the right technical terms, I shall call 
the ropes. We are both set in our ways and cannot easily 
change our roles. 

Now suppose that the genii, having restored us to our 
desk and circus, decides to have more sport. This time he 
transports us together into the middle of Africa and presents 
us with two guns, a faithful servant and a rhinoceros. The 
rhinoceros charges. I fling down my gun and run for the 
nearest tree and I am too busy climbing it inexpertly to 
noticf that the faithful servant is under the rhinoceros’s feet. 
The trapeze artist, on the other hand, leaps gracefully aside 
and with admirable coolness raises his rifle and, unable to 
miss at such short, if terrifying, range, shoots the animal 
dead and ;cues the servant. Everybody would think this 
most remarkable. The trapeze artist would have shown 
bravery and I the white feather. If I pleaded that swinging 
from a trapeze teaches a man to face danger with steady 
nferves while writing books is a dangerous occupation only 
under a totalitarian regime, where authors are taken very 
seriously, it will be accepted as an excuse. But I shall still 
be thought a coward. Yet what has caused this difference in 
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^ on 

diir moral naOires if it is not the same thing asf.that .i^^hich 
causes '.the 4tfference in our skills; namely, what we had 
^\^tiSi^ in ’the years before? 

^irse tht aeniiis concerned to prove that it is indeed the 
same thing tfe-ncw transports us both to a Buddhist mon- 
.^slipry; ^.this he makes his point and saves my self-respect. 

a’f^ days I find a cloistered life perfectly acceptable; 
.the^^apegp arti^^ds than incarceration in an 

asylum..!' do. ndt jl^t^n^jiaSf^^'inost of my day in a cell, 
since writihgjs a'^lifarylftit. The obligatory prayers, which 
consist pf.the'same slentiments endlessly repeated in different 
words, I find a good substitute for the daily newspaper;' £ do 
not miss my wife because I am a bachelor. The trapeze artist 
finds the company of monks strikingly less warm than the 
company of trapeze artists: he does not know what to do 
with himself when he is alone except handsprings, which are 
not encouraged. He is desperate for his wife and his growing 
and acrobatic family. I am given the saffron robe. He is 
expelled. He goes back to the circus and I proceed upwards 
to Nirvana. 

At this point the genii has established that both m5rself 
and the acrobat are a sort of addition sum of the things we 
have done before. But the trapeze^artist denies this hotly, and 
so do I. He maintains that he is much more than a performer 
on a trapeze. He is a good father, a faithful husband, a 
member of the association of trapezists, a Republicfin, an 
Elk, an admirer of Ernest Hemingway’s Death in the Afier- 
noon, and a taxpayer. I have an equally long list, which I may 
sum up by saying that to describe me as an author would 
satisfy nobody but a passport official. 

However, we have not proved the genii wrong. All the 
things which we cite as describing ourselves are again things 
we have done in the past, and again the genii may say that 
we are both the mere sum of such actions. 

If the trapeze artist and myself are not this — and we are 
sure that we are something more — then what are we? We 
are of course two separate arrangements of muscles, veins, 
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flesh, and tones, his being more efficiently arranged thiin 
mine. But that is not what we mean. The quetstion is better ' 
put as ''fFho are we?’* or, to include the reader, “Who are 
you?” , ' 

One possible answer to this last question is “1 kfrow 
exactly who I am. I am John (or Judith) Smitlv.of Acacia 
Avenue in such-and-such a town in 'such-^hd^sti^ 
county. Moreover, I have no taste • Oriental, hair- 
splitting.” 

This answer has saved a great the. world’s timt, 

and it is practical in the way that it is pcactfcal to pjlt a dog’s 
name and^address on its collar if you do not want it to get 
lost. However, the answer is false. The dog is not Pete: you 
are not John Smith. Both are names given by people who 
are not dogs or not you. 

To proceed to try to find a true answer to the question is 
to take the first step in entering the world of the Indian mind. 
The Indian mind was formed by the sceptical thinkers who, 
twenty-five centuries ago, decided that the answer to the 
question was that you are originally something utterly 
different from anything you are called, or anything you do. 
However, everything you do is added to what you originally 
are. After a lifetime of doing you are not yourself at all; you 
have lost yourself. That is, you have lost your soul; that is, 
you are damned. 

This is the explanation that these thinkers gave of their 
extraordinary answer: — 

When a man eats, some particles of the food he takes 
remain behind in his body. If he cals too much the food 
becomes particles of fat and he swells so that he can barely 
recognise himself as the same man. In the same way, of each 
act that a man does, part remains with him. If lie acts in 
accordance with his own soul, then he is like the man who 
e^s enough. He will remain himself. But if he acts more than 
he needs, and more than his soul requires — above all if he 
acts not from his own soul but because of the desires or 
passions or prejudices of others — then liis soul becomes 
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covered with, tffi^posit of his acts and grows obese. In 

the end, it mayi^^e smothered and die. 

The, inen wh6*put,forward this theory offered a^jiroof of it. 
The proof is metaphysical. The trouble with a metaphysician, 
tj^^arid yow, ft that either he explains everything or he ex- 
plains nothing. J4e can have no half-measures. The Indian 
'memphysjjcians p«^ their theory by explaining the nature 
and origin of .th^ Their arguments have been dis- 

cussed by'metapKys/cians down to our own times. But 
speculation about the Universe can be as idle an otxjipation 
as chewing a straw. Much of Indian (and any other) meta- 
physics is little more than an ingenious postpofiement of the 
stage when the philosopher has to admit that he does not 
know what he is talking about: and since what he is talking^ 
about is God Almighty, this admission is never altogether 
a surprise. 

Having demonstrated the nature of the Universe, the 
metaphysicians among the sceptics went on to prove their 
theory of the soul by describing the substance of the soul. 
Since neither they nor anybody since has discovered what 
the soul is made of, we need not stay to follow their reason-- 
ing. The best argument for their theory of moral obesity was 
that numbers of thoughtful people felt that it hit the truth,. 

They felt this largely because the sceptics were courage- 
ous. Had they said that wicked acts influence the soul for 
ever afterwards they would have been saying no more than 
nursemaids do in training children. Instead they argued that 
all actions corrupt and stifle our spirits, and in the word “all” 
they necessarily included good acts as well. This is what 
many people had been long suspecting. They listened to the 
sceptics with a new respect and when the philosophers were 
driven into exile by an outraged orthodoxy, they followed 
them in large numbers. The revolution in thinking had 
begun, and it is still not finished. 

I think that it is still not finished because it seems that there 
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comes a time in the history of every citlli.^tioh wlien, for 
the sake of human dignity, men turn their hack*: on it. 

Let us b'.?e..why this is so. ■ • 

When Kama was a prince in Ayoda,. the 'life of all the 
inhabitants from the King downwards w^as governed by a 
series of minutely detailed rules. Some of "the rples were 
backed by the law: all of them had the sanction of eVety^* 
body’s sense of good citizenship, and thi^^as more powerful 
than the law. The lives of any grertJjg^f .human beings can 
be governed entirely by written law^: but ycu must fir^ 
build a prison and lock them up in it. Should you be able to 
persuade them, however, to want to be good fellows, decent 
citizi-'ns, and respected by all, they will build the prison for 
themselves. In the first great civilisation of history, of which 
Rama’s story tells, men and women had such a respect for 
the opinion of their community that they even obeyed a set 
of rules when privately excreting. This would be incredible, 
if later, the rules had not been written down in a code which 
can still be read; and this, in its turn would be comic, if those 
rules were not still obeyed by millions of respectable Hindus 
today, which makes it melancholy. 

. “Bright shining faces. And all in our places”; this was 
the common aim of Rama’s contemporaries, as it must be of 
any civilised body of men. So far as their places were con- 
cerned, they all knew them perfectly. Each person was born 
into a caste, as we have seen, and this caste had its duties 
and its privileges. Of these, its duties were the saddest: they 
employed all the most generous impulses of the human spirit, 
and regimented them. Compassion became alms giving: 
courage became military service: religion a drill; and inde- 
pendent thinking became bad manners. From the moment 
a man rose from his bed till the time he disengaged himself 
from the systematised embraces of his wife and fell asleep 
again, his acts were prescribed by a committee, part vi ^ibly 
composed of his neighbours, part invisible, and made up of 
the watching dead. He could do only what others did, what 
his forebears had done, or what his spiritual advisors thought 
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might The only way in which he coay be 

sure from his own free-will was to pi^mmit 

a crime. ^ ' 

If you {i^f^it^ing this, that such a state o^Wairs is a 
shame, but itj^ppened in a very distant past, then you will 
. find it iriterestfflg to ask yourself the question t^at the Indian 
'sceptics^ asked ^o thousand five hundred years ago. “If I 
■ wished at this jnonjent to do one good deed that was quite 
my own^^that had not been taught me by school-masters, 
or parents,' Qr prieats, or books, and which did not spring 
from my'social conscience, what would that good deed b’e.^” 
The answer that the sceptics gave was a paradox— but 
then Indians have never flinched from paradoxes. They said 
that the only thing you could do was to go off to some place 
where you could be quite alone, sit down Und then do no- 
thing at all. 

Their answer brought every respectable element of society 
about their ears. 

The Brahmins, who were responsible for the government 
of society, asked if these self-styled philosophers were not 
aware that the gods decreed that man was a social animal and 
that he could not live alone.^ 

To this they tranquilly replied: 

“Our forefathers lived beyond the Hindu Kush where 
they lived in tents of goats’ hair and drank the milk of asses. 
They were also without the benefit of a highly educated caste 
of Brahmins to provide them with information about the 
decrees ofithe gods. We, their descendants, have progressed. 
Are we not to progress further.^ Suppose that we, having 
learned how to live in peace with at least our nearest neigh- 
bours, must now, according to the will of the gods, go on 
to learn how to live at peace with ourselves.^’’ 

>« 

Prince Rama, being a young man of good education, de- 
plored these heretical ideas before his exile, but they were 
in the air of the century. Another prince, heir to a Kingdom 
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as K^ma was, but perhaps less well 
day 'j^y the sight of a dead body at tlrerV-* I"* 
palace. il?ealising that he too was mortal/he . 
understanULmore about himself while he nafe^’uvv 
Following tVie precepts of the sceptical thfr;if?s]J?r ; W' b 
from his kirr^dom leaving his wife and far'l'Ay ' 
and went to live in a forest. 

Here he decided that >vhatever he 
not a bundle of appetites for fo6d, /^arn-ft wu 

pleasure, all of which, to be properly supplied, meant that 
he would be bound once more to his fellows and again 
enclosed in the prison of social circumstance froni which he 
had escaped^ 

He therefore practised the most severe austerities, deny- 
' ing himself all but the minimum of food and sleep, sitting 
motionless for days on end, praying incessantly, and fighting 
downi fearsome rebellions of the flesh. At the end of six years 
of this life he found that he knew what he was not — he was 
not a creature of impulse — but he was no nearer knowing 
v/ho he was. 

He lightened his penances and reduced them to thinking 
wh!le he sat cross-legged under a tree. Here, after long 
meditations, he found a way of knowing his own soul and 
a series of ways by which it could be freed from any con- 
tamination by worldly things. 

The only contamination which remained with him seems 
to have been a desire to pass on his discoveries to others. 
He rapidly gathered a devoted if not very intelligent follow- 
ing, and he expounded his methods of securing detachment 
from the world. It is not easy to see how he could have 
preserved his own soul uncontaminated when he, by choice, 
spent the next forty-three years knocking sublime truths into 
the heads of disciples and admirers. But his notions wcic 
ptofoundly new and exciting: he was an admirable teacher 
and, it must not be forgotten, a member of the nobility. He 
was greatly in demand all over the country. Soon his follow- 
ing grew so great that he was forced to organise it. He set 
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'^^ch seekers after release frorr> jhe wJjrld 
,rie, in a world of their own. In. spite of 
''.•fAeBrahmins, these monasteries wire filled to 
^sow as they were set up. It wi;-)^o doubt 
^^le should seek to release th flr ties with 
*^^femselves to live cheek by jo .1 with them 
rs, but again, it was a paradox which dis- 
Cs pf the time, or subsequently. 

^ these monasteries was now, by the nature 

of thipgs,. Iea(fif\g' as.busy and full life as a modern bishop. 
His fanjLje continued to grow until, surrounded by -weeping 
disciples^ he di^. He has been known to history ever since 
as Gautama Buddha. He was eighty years old at the time of 
his release fron> this world and he died from eating too much 
pork. » 

-:Lbr, 

The reader naay now feel that he is on more familiar ground. 
Buddha is well known in the West, although it is often for- 
gotten that he was as much a typical Indian as Mohandas 
Gandhi. 

But from the point of view of the sceptics, Buddha was 
something of a disaster. No sooner had he died than an 
orthodoxy only slightly less absurd than that of the Brah- 
mins was erected over his teachings. The Brahmins found ^ 
little difficulty in regaining their hold on men’s minds and 
they maintained it down to modern times. 

It was during this second hegemony that they altered 
Valmiki’s poem to suit their purposes. Vahniki was not a 
philosopher: but it is clear from the bare bones of the story 
of Rama that he was a sceptical realist. With that in mind, 

I hay^;retold the story, replacing the Brahminical moralising 
wil;|;i some tales of my own. 
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5. Distinguish between (a) ohmic resistance, (b) inductive re- 
actance, (c) capacitive reactance, (d) impedance. 

6. What is the reactance of a 20 henry choke coil of negligible resis- 
tance at 100 cycles? 

7. What is the impedance if a resistor of 500 ohms is connected in 
series with the choke coil in problem 6? What will be the cosine 
of the angle of lag between the current and the e. m. f. in this 
circuit? 

8. What is the reactance of a one microfarad by-pass condenser at 
100 cycles? If it is connected across a 2,000 ohm C-bias resistor, 
what proportion of the current goes through the resistor and 
what proportion is in the condenser circuit at this frequency? 

9. Give the physical reason for the fact that a condenser has a lower 
reactance at high frequencies than at low frequencies. 

10. From the values in the table of Article 161, plot a curve showing 
the variation in reactance of an inductor of 30 henries as the 
frequency is increased from 60 cycles to 100,000 cycles. 

11. From the values in the table of Article 164 plot a curve showing 
the variation in reactance of a condenser of .001 microfarad 
capacitance. Plot this on the same sheet and to the same scales 
as the curve in problem 10. 

12. What is the impedance of a circuit having a resistance of 10 
ohms in series with a capacitance of 100 microfarads and an 
inductance of 50 henries, if the frequency is 60 cycles? 

13. How much current will flow in the circuit in problem 12 if the 
e. m. f. is 1000 volts? 

14. Explain what happens in a series circuit containing inductance 
and capacitance when resonance occurs. 

15. Under what circuit conditions do voltage and current differ in 
phase? Under what condition is the voltage and current in 
phase? 

16. Explain the fact that a lamp connected in .series with a condenser 
having sufficient capacitance will light up when connected to a 
110 volt source of alternating e. m. f. even though the dielectric 
separating the plates of the condenser is an insulating material. 

17. Find the true power, the apparent power, and the power factor 
for the conditions in question 12. Draw the vector diagram. 

18. What must be the inductance of a coil to form a resonant circuit 
with a condenser of .0005 microfarad capacitance, at a wave- 
length of 200 meters? At a wavelength of 600 meters? 

19. What is an audio frequency current? What is a radio frequency 
current? 

20. If a fixed inductance of 300 rnicrohenries is u.sed to form a tuned 
circuit with a variable tuning conden.ser, what are the maximum 
and the minimum values of capacitance needed for a tuning 
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range over the broadcast band from 200 to 600 meters? (Distri- 
buted capacitance of the inductor to be neglected.) 

21. Why is the voltage appearing across the inductance or condenser 
in a series resonant circuit, greater than the applied e. m. f. . 
Explain in detail. 

22. Explain what is meant by “gain” in a tuned circuit. 

23. What are two effects of increase of resistance in a tuned circuit . 

24. What frequency corresponds to 600 meters? To 200 meters? 

25. What wavelen^h corresponds to a frequency of 550 kc? 

26. What is meant by an “acceptor circuit”? Draw the circuit 
diagram for one. Where would you use it? 

27. What is meant by a "rejector circuit”? Draw the circuit dia- 
gram for one. Where would you use it ? 

28. Explain the important characteristics of (a) series tuned cir- 
cuits, (b) parallel tuned circuits. 

29. An inductance of 200 microhenries is connected in parallel with 
a capacitance of .0005 mf. At what frequency will they be in 

resonance? . o -n u 

30. What is the frequency at which the circuit of Question 12 will be 

in resonance? 
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ELECTRIC FILTERS 

FILTERS — LOW-PASS FILTERS — T TYPE LOW-PASS FILTER — THE “Pi” TYPE 
LOW-PASS FILTER — DESIGNING T AND “Pl” TYPE LOW-PASS FILTERS — SOME 
APPLICATIONS OF LOW-PASS FILTERS — HIGH-PASS FILTERS — BAND- 
PASS FILTERS — DESIGNING OF BAND-PASS FILTERS — THE BAND SUPPRESSION 
FILTER — GENERAL USES OF FILTERS — REVIEW QUESTIONS. 

179. Filters: Generally speaking, a filter is a device for separat- 
ing things of different characteristics from each other. Mechanical filters 
are commonly used in everyday life. Thus a mechanical filter or screen is 
used to separate sand from stones, a coffee strainer separates the coffee 
grounds from the liquid, etc. Similarly, when a circuit contains currents 
of several frequencies, electrical filters may be used to separate currents 
of certain frequencies from those of other frequencies. The perfection of 
the modern a-c electric receivers has resulted in the widespread develop- 
ment and use of electrical filters, both in their power packs and in the radio 
and audio amplifier systems. Heretofore they were u.sed almost entirely 
in telephone circuits. 

The purpose of the electric filter is not very much different from that 
of any mechanical filter ; it is simply designed to separate currents of dif- 
ferent characteristics from each other, i.e., for separating direct from 
alternating currents, or separating alternating currents of different fre- 
quencies from each other. Although the design of some complicated filters 
involves intricate calculations, the more simple types may be easily un- 
derstood by the novice. 

The action of all types of electrical filters d pends upon the following 
three main principles of alternating current circuits: 

(1) An inductor ("inductance" ) offers much leas resistance or op- 
position to the passage of direct currents and low frequency 
currents than it offers to high frequency currents (see Article 
161). 

(2) A condenser ("capacitance") offers much less resistance or op- 
position to the passage of high frequency currents than to low 
frequency currents, and stops or "blocks" the flow of riireet 
current altogether (see Article 166). 
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(3) That a “series tuned circuit” offers a low impedance at reson- 
ance, and will permit the passage through it of those alternating 
currents which lie in a narrow band of frequencies near the re- 
sonant frequency, and will oppose the flow of currents of all 
other frequencies (see Article 173). 

(4) That a “parallel tuned circuit” offers a high impedance at 
resonance, and opposes the flow of those alternating currents 
through it tvhich lie in a narrow band of frequencies around the 
resonant frequency, and will permit the flow of currents of all 
other frequencies (see Article 177). 

Resistances do not provide any filtering action in themselves, for they 
impede all currents which pass through them, regardless of frequency. 
Resistances do have an effect of a different kind upon a filter however. 
They do not determine which frequencie's the filter will pass or impede, but 
they have an effect upon the sharpness of the filter — they determine 
whether the dividing line between the frequencies which pass and those 
which do not is finely drawn, or whether the division between the two is of 
a more gradual kind. The less the resistance in any filter the sharper will 
be the dividing line between the frequencies which are let through and those 
which are blocked, and it i.s usually desirable to have this division as sharp 
and clean-cut as possible. There is another factor, also, which affects the 
sharpness of the “cut off” of a filter. This will be taken up later. 

By proper arrangement of condensers, inductors and tuned circuits 
therefore, any desired electrical filtering action may be obtained. There 
are four general classes of filters. The first is the low-pass filter (Fig. 
118) . This is the type designed to pass all frequencies below a pre-deter- 
mined critical or “cut-off frequency”, and substantially reduce or “atten- 
uate” the amplitude of currents of all frequencies above this cut-off 
frequency. This type of filter will also pass direct current without oppo- 
sition. 

Next comes the high-pass filter (Fig. 126). This is the type designed 
to pass currents of all frequencies above a pre-determined critical or 
“cut-off” frequency and substantially reduce the amplitude of the currents 
of all frequencies below this cut-off frequency. In most cases a filter of 
this type will stop the flow of direct current, as well as that of low-fre- 
quency alternating current. 

The third is the band-pass filter (Fig. 129). This is designed to pass 
currents of frequencies w ♦^hin a continuous band limited by an upper and 
lower critical or “cut-off” frequency, and substantially reduce the ampli- 
tude of the currents of all frequencies above and below that band. In this' 
case, currents of both the higher and lower frequencies are stopped. 

The fourth and last of the general types is the “band-suppression,” 
“band -elimination” or "band-exclusion” filter (Fig. 131). This is designed 
to substantially suppress currents of frequencies within a continuous band 
limited by an upper and lower critical or “cut-off” frequency, and pass 
currents of all frequencies above and below that band. In this case, cur- 
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rents of frequencies within the band are opposed or stopped. It is just 
opposite to the band-pass type. 

In all these cases, we consider a direct current to be simply a current 
of zero frequency. We will now study each of these, together with some of 
their applications in detail. 

180. Low'pasa filters: Let us consider first the simple low-pass 
filter shown at the left of Fig. 118. Notice that an inductor is connected 










Fig 118— Lef» Single section of a low-pass filter Middle The frequency-current charac- 
teristic of H low-pas.s Alter 

Right Single section T-lype low-pass Alter 


in series with the circuit and a condenser is connected acro.ss the circuit. 
If we remember the action of an inductor and a condenser in an a-c cir- 
cuit, it is easy to understand the action of this arrangement. The low- 
frequency currents which are to be passed through the circuit find an easy 
path back and forth through the inductor since the reactance which an in- 
ductor offers to low-frequency currents is small (Xi.=2i f L) . These low- 
frequency currents cannot get in and out of the condenser plates to any 
great extent since the reactance of a condenser to currents of low fre- 

1 

quency is verv high Xc= Therefore low-frequency cur- 

2.1 f C 

rents are not appreciably shunted or short-circuited by the condenser 
across the line. 

The high-frequency currents which may also be in the circuit at the 
same time, find that the inductor offers a high impedance to their flow 
through the circuit, but that the shunting conden.ser allows the current to 
surge back and forth between the plates, (in the electrical circuit) since 
it offers a low impedance to currents of high frequency. Thus we .see that 
the action of this filter is to offer very little impedance or opposition to low- 
frequency currents passing through it, but to offer a high impedance to 
high-frequency currents passing through it, besides partially short-circuit- 
ing them acro.ss the line. 

The result is shown by the graph in Fig. 118. The frequency is 
plotted along the horizontal axis, increasing toward the right. The cur- 
rent is plotted vertically. This is sometimes called the transmission curve 
of the filter, for it shows how the filter transmits current through the 
circuit. Notice that at low frequencies the current is strong since the 
aua.. nasuau if pflqilv. Thc shadcd portioo of this graph shows the fre- 
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quency range over which the filter easily passes current. Above the cut- 
off point the current is low, because the inductor presents a high impedance 
to the fiow of these currents through it, and the condenser plates act as 
storage reservoirs for these currents during each cycle, thereby shunting 
them from the load circuit. 

The shunting action of a condenser connected across a source of 
e. m. f. is usually very puzzling to the novice, especially since many con- 
fusing and misleading .statements concerning it are to be found in popular 
radio literature. As this important action occurs in many parts of radio 
transmitters and receivers, as for instance in by-passing radio or audio- 
frequency currents around a C-bias resistor, or the .B-voltage supply 
device: in by-passing radio-frequency currents in the plate circuit of the 
detector tube in radio receivers, etc., it will be well for us to obtain a good 
mental picture of it at this point. 


By passing by means of a condenser is always associated with either alternating, 
or pulsating direct current. The action is practically the same in each case. Con- 
sider the circuit shown at (B) of Fig. 119 which represents the filter circuit of Fig. 118 
with an a-c generator or other source of e. m. f. supply connect-', at the left and a 
device at the right into which the current from the source is to flow. This load may 



Fik 119- niiJstratinK the b> -passinR action of a conden.str across a line. 


be simply a resistance as shown. The end of the filter which is connected to the source 
of e. m. f. IS called the ^'source** end- That connected to the load is called the “/oad" 
end. The e. m. f. of the generator is rapidly alternating, so the current through the 
circuit is doing likewise as shown by the arrows. 

Let us consider the action taking place when the e. m. f. supplied by the generator 
ia at a frequency which is suppressed by the filter. It the condenser were not con- 
nected in the circuit, as at (A), the inductor would present a definite impedance or 
opposition to the flow of current around the circuit, both when it flows in the direction 
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A-B-D-E and also when in the reverse direction E-D-B-A. At high frequencies this 
impedance would be hijjh, but some current would always get throufch the inductor. 
Therefore the inductor alone would act as a sort of low-pass filter, but imperfectly. 

Now if the condenser is connected as shown, duniijf the part of the cycle when 
terminal A of the g^enerator is positive (as at B) the electrons now through the circuit 
in the direction shown by the arrows, (opposite to the direction of current flow). The 
lower plate of the condenser collects a large portion of the electrons which are being 
transferred around through the circuit consisting of the upper condenser plate, 
inductor, and a-c generator (provided the reactance of the load is appreciably larger 
than that of the condenser so it does not also furnish an appreciable quantity of 
electrons). If the condenser were not there, as in (A), all of the electrons tran.sferred 
around the circuit by the e. m. f. of the generator would have to go through the load. 
Hence it can be seen that the condenser really assists the action of the inductor L, 
in reducing the current flowing through to the load, simply by taking into its plates 
a large number of the electrons thus by-paasing them from the load The larger the 
capacitance the more electrons it will take in at the high frequencies considered, and 
hence the greater will be the filtering action. N’ow when the e. m. f. of the generator 
has reached its peak value and begins to decrease, the current through the coil tends to 
decrease, and the collapsing magnetic field induces a self-induced e. m. f. in the coil 
which tends to keep the electrons flowing into the condenser still m the same direction. 
When they both die down, the lower plate of the condenser begins to discharge 
electrons back around through the circuit to the upper plate of the condenser as 
shown at (C). When the generator e. m. f. reverses, it tends to drive more electrons 
around to the upper plate as shown at (D) and thus the plate now becomes negatively 
charged. 

When the e. m. f. passes its peak value in this direction the electrons 
surge around the circuit again in the direction shown at (B). This is 
repeated over and over again. The inductor of course reduces the number 
of electrons or current transferred around the circuit in each case, but 
since the condenser stores some of them each time, le.ss reach the load than 
would if the condenser were not there Notice that no electrons or cur- 
rent can actually flow through the condenser, since the dielectric insulates 
one plate from the other. This is contrary to the misleading statements 
often made when speaking of this action. Also notice that the condenser 
will act exactly as described above only when its reactance is very small 
compared to the reactance of the load it is shunting. If the reactance of 
the load were equal to that of the condenser at the particular frequency 
being considered, the latter would only exert half as much filtering action 
since now half of the transferred electrons would go into the condenser and 
half would go directly through the load. It is for this reason that the load 
impedance should preferably bear a definite relation to the impedance of 
the filter. This will be discussed in Art. 183. The condenser and inductor 
really form a series circuit across the source of e. m. f. 

181. T-type low-pats filter: The single filter section just des- 
cribed (even though it is better than a single coil or single condenser 
alone) does not give very sharp reduction of current at the cut-off fre- 
quency. Another inductance, connected in .series with the load side of the 
circuit as shown at the right of Fig. 118 will improve the filtering action. 
This additional inductor has the effect of sharpening the cut-off. This 
circuit is called a "T" section of a filter because it resembles the capital 
letter T. Two of these sections may be connected as shown at (A) of Fig. 
120 to give sharper cut-off. This is sometimes called a Campbell Filter 
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of T sections. When more than one section is used in any filter, different 
values of L and C are used for the center section and the end branches, as 
we will see. The terminal unit of any multi-section filter is always differ- 
ent from the value of the units in the body of the filter. It is evident from 

(A) of Fig. 120 that the joining of the two T sections gives us, at the cen- 
ter, a combined inductance which is equal to the sum of the two section in- 
ductances joined in series. Therefore this may be simplified as shown at 

(B) by considering the center inductance Li equal to 2 times each outside 

inductance, which is now called V 2 convenience. This relatipn should 

be remembered. In practical filters of this type, the center choke Li, either 
consists of two chokes in series as shown at (A), each qne having half the 
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Ki|C 120 Method of formlnf a mulll-iacilon T-lype filter from seteral ainfle units A 2-sec- 
tion filter Is shown at the upper rtfht and a 3-sectlon Miter la shown at the bottom 


total inductance value Li, or if a single choke is used, its inductance must 
be twice as great as that of each outside or end choke as shown at (B). 
This is the general rule that applies to all T-section filters — the end chokes 
are always * 2 as large as the others. A 3-section T filter would look as 
shown at ( C ) . 

The sharpness of the cut-offs of filters depends upon the number of 
sections, as well as upon the resistance of the apparatus. A filter com: 
po.sed of only a single section will not give as sharp a division between 
what is passed and what isi blocked as will a filter of several sections. The 
number of sections which are actually used in any particular case depends, 
of course, upon how sharp it is desirable to have these cut-offs and upon 
the cost of the apparatus. In general, two or three-section filters are all 
that are necessary, and in some cases even one section is sufficient. 

If the variation in frequency is plotted horizontally, usually upon a 
logarithmic scale, while the corresponding attenuation or “reduction” of 
the current caused by a high or low-pass filter is plotted vertically on a 
uniform scale, the so-called attenuation curve of the filter is obtained. 
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If the filters had no resistance or leakage losses, the T-type filter 
described above would give similar results to the n (“pi”) type to be de- 
scribed next. However, under practical operating conditions it may be 
said that in general, the T-type of filter section is preferable to the ”pi” 
type for constant voltage circuits. Of course this is only a general rule, 
as other factors will often alter the conditions. The calculations for the 
T type filter will be considered together with those of the “pi” type filter 
since they are identical. 

182. The “pi” type low-paM filter: If the inductance is ar- 
ranged with a condenser shunting the line at each end, as shown at (*A) 
of Fig. 121 we have what is known as a x (“pi”) filter section. (This 
name originated from the fact that the circuit diagram has the same 
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(D) 3-sectlon ••Pl” type filler 

form as the symbol x. The action of this type is somewhat similar to 
that explained for the T-section, excepting that now there are 2 condensers 
across the circuit. If two of these filters are connected together as shown 
at (B), we have at the junction a total capacitance which is equal to 
the sum of the two similar capacitances joined in parallel there. This 
circuit may be re-arranged as shown at (C3) where the larger single cap- 
acitance Ci has been put in place of the two .smaller ones in parallel, and 
is equal to two times each outside capacitance. The outside capacitances 
are now called 1 / 2 C 1 for convenience. At (D) a three-section filter of the 
“pi” type is shown. Notice that the end capacitances are ■ j the capacit- 
ances used in the repeating sections. The “pi" type filter is usually better 
than the T type for circuits of approximately constant current. 


183. Designing T and "pi” type low-pass filters: The point at 
which a low-pass filter begins to cut-off is known as the cut-off point, and 
the design consists ot calculating the inductances and capacitances re- 
quired to locate this cut-off at the desired frequency. This frequency may 
be referred to simply as /. Usually the number of .sections which the 
filter must have to make the cut-offs as sharp as desired must also be 
found. 


ELECTRIC FILTERS 


259 


For a low-pass* filter of either the T or “pi” type, the values of 
capacitance in microfarads, and inductance in henries for a cut-off at / 
cycles per second, are given by : 

0.3183 Z 318,300 

L,= . .(25) C,= .. (26) 

f f Z 

and f= - - - (26A) 

L) X Cl 

Notice that these formulas give the values of L| and Ci as shown in 
Figs. 120 and 121. Li is in henries and Ci is in microfarads. Z is in ohms 



F\g 122 — A practical l< ^a'-pass filter used to filler high frequency (R-K) 

<'urrenis out of an audio amplifier 

and is called the characteristic or iterative impedance of the circuit in 
which the filter is to be placed. The impedance Z is an important factor 
in the determination of the size of the condensers and coils. In practice 
it is desirable to terminate a filter externally both at the load and at the 
source of power (Fig. 122) in an impedance approximately equal to its 
characteristic impedance, for it is only then that the filter approaches in 
performance the type after which it was designed. If both the source im- 
pedance and the load impedance are known, this value is usually taken for 
the c' aracteristic impedances in the above formulas. If either the load or 
the source impedance is known, this is taken as the characteristic imped- 
ance in the formulas, and then an impedance is connected at the other end 
so as to make it of the same combined impedance value, as will be illus- 
trated in the example to follow. 


If a certain ready-built fixed filter is to be employed, and it is desired 
to know what impedance to terminate it in, it may be found from the ex- 
pression for the “chara. ♦^eristic'' impedance at zero frequency which is, 

V Li Zo = ohms 

where : Li = henries 

Ci C, = farads 

This is independent of the number of sections and, depends only on 
the inductance and capacitance used. There is always one best load im- 
pedance for a particular filter. The best load is a pure resistance, and 
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loads having reactance or resonant characteristics will upset the filter 
characteristics very much. 

Example: The low-pass filter shown in Fig. 122 is to be connected between two am- 
plifying tubes as shown. Radio and audio frequencies are fed into the 
amplifier and it is desired to separate them and amplify only the audio 
frequencies. Assume 20,000 cycles (the limit of audibility) as the cut-ofT 
point. The internal plate circuit resistance of tube A is 200,000 ohms. 
Plate coupling resistor R, into which the filter terminates is 50,000 ohms. 
Design the filter if it is of the type shown. 

Solution: Since the terminating impedance R, is 60.000 ohms, the input impedance 
to the filter should also be made equal to this value by connecting resistor 
R 2 in parallel with the plate resistance R^ of the tube. Then since: 

111 111 

z= 4 - we have — -I 

R,..., Rn R, 50,000 R^ 200.000 

from which RjzrOO.OOO ohms. 

The filter therefore should be designed for 50.000 ohm.s, since it will terminate 
with this same impedance at both ends. 

0.3183 Z 0.3183 x 50,000 

We now have: L,— z=: =0.8 henries. 

f 20,000 ana. 

318,300 318,300 

and Ci=z = =0.00032 microfarads. 

f Z 20,000 X 50,000 (approx) 

The capacitance of the first and last condensers must each be equal 
to Ct, or .00032-r2, or .00016 microfarads. It is not practical to obtain 
the exact values of Li and €2 as computed above. In practice, values of 
commercially available coils and condensers as close as possible to these 
values should be used and the filter re-computed to see how much f and Z 
have changed. 

In filter construction, the resistance should be kept as low as prac- 
ticable since the effect of resistance is to introduce some attenuation in 
the passed band, and to round out the abrupt changes at cut-off. 

If the inductors have iron cores and carry much current, they should 
be provided with an air gap so that their values will not change ap- 
preciably with changing current. They may also need to be magnetically 
shielded from one another, as any coupling between them may change 
the characteristics of the filter. In radio-frequency circuits, the choke 
coils should be of low-loss type. 

It will be seen from an examination of (B) of Fig. 120. and (C) 
of Fig. 121, that a two section T filter is quite similar to a two section 
"pi” filter at the center. Whether to use end .sections of the “pi" or T 
type in any case, depends on the problem in hand and the rules already 
given are good ones to follow. The "pi” section type of filter ends with a 
condenser and in some applications advantage may be taken of this fact 
to use this same condenser to by-pass any radio-frequency currents pre- 
sent. The sum total of capacitance and inductance u.sed in both types is 
the same, for an equal number of sections. Of course, since every filter has 
some resistance, the filter always causes some reduction in the strength of 
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the currents passed. Also the current suppressed by the filter is never 
reduced entirely to zero at any frequency, although the zero value may be 
approached by using a number of well designed sections. 

184. Some applications of low-pass filters: A practical applica- 
tion of the low-pass filter is in the “B” power supply unit in electric radio 
receivers. In this case, the pulsating “rectified*' direct current is passed 
through the choke coils with some opposition but, since direct current 
cannot pass through a condenser, the direct current is kept in the correct 
path. The choke coils tend to oppose any pulsations in the current. The 
high-capacity condensers in the filter absorb the pulsations in this direct 
current. This leaves the output current free of all pulsations which would 
otherwise cause “hum" in the receiver. 

In most “H” power units a two-section filter is employed, comprising 
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Kijf 123 — I A) A type of low-pass flUer section commonly used m B-power units of A-C electric 
radio rc<ei\ers (B) Low pass Alter section following the detector tube in a radio 
receiNer fo k**ep the r-f currents out of the audio anipliAer, but pass the lower fre- 
tjiiency .“iMd.n torrents through (C) Imprc\ed form of the Alter at (B). 

two choke coils and two or three filter condensers, as shown in (A) of Fig. 
123 Assuming that 30-henry chokes and 2-microfarad condensers are 
used, a filter of this type will pass all currents having a frequency of less 
than about 20 cycles, including direct current. This filter will block all 
currents which have frequencies above 20 cycles, however, which includes 
the 60-cycle hum-current which we wish to eliminate, and also practically 
all of the "line” noises which are present. Such a filter is ideal for the 
purpose for which we wish to use it. A 30-henry filter-choke and an elec- 
trolytic condenser-unit used in a filter of this kind, are shown at the left 
of Fig. 124. At (B) of Fig. 123 is shown the simple low-pass filter ar- 
rangement commonly used in the plate circuit of the detector tube in u 
radio receiver. The r-f choke coil is an air-core coil of about 85 milli- 
henries inductance, designed to offer low impedance to the passage of 
audio-frequency currents from 0 to about 10,000 cycles through it. It 
does, however, present a high impedance to the flow of radio-frequency 
currents (about .20,000 cycles — up). The by-pass condenser, usually of 
from .0001 to .0005 mf. capacitance, acts as a by-pass for all radio-fre- 
quency currents which exist in the plate circuit of the detector tube. 
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At (C) is shown an improved form of detector plate filter which is 
now being used in many receivers. It has two condensers instead of one. 
This form a “pi” section filter which is more effective for this purpose 
than that shown at (B), since the condenser on the right also helps to 
by-pass the radio-frequency currents. An 85 millihenry r-f choke coil and 
0001 mf. by-pass condenser actually used for this purpose are shown at 
the right of Fig. 124. 

Low-pass filters are also used as tone controls for suppressing the high 
frequency audio currents in audio amplifiers, and in interference elim- 
inators for suppressing extraneous electrical disturbances. In some elec- 
tro-dynamic loudspeakers, high-pass filters are used to suppress any 60 
cycle hum which may be present, but they pass through all audio fre- 
quencies above this. These will be considered in detail later at appro- 
priate places. 
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185. High-pass filters: A simple type of high-pass filter is shown 
in (A) of Fig. 126. The high-frequency current passing through the 
circuit encounters very little impedance from the .series condenser, but 
encounters a high impedance in the inductance, so not much is shunted. 
The low-frequency currents attempting to pass through however, en- 
counter high impedance in the condenser and are ea.sily short-circuited 
out by the inductance — none of them, therefore, getting through. The 
action of this type of filter is shown at (B). Notice that the low fre- 
quencies are cut off and the high frequencies arc pa.ssed through. At 
(C) is shown a single section T-type high-pass filter. 

At (A) of Fig. 127 we have two single section T-type filters joined 
to make a 2-section unit. The part of the circuit between the two chokes 
has two similar condensers in series. They may be replaced by a .«ingle 
condenser Ci having half the capacitance of either one. To keep our 
condenser notations in accordance with those used in discussing low-pass 
filters, the equivalent inside condenser is called Ci. Each outside con- 
denser tnen has a value of 2 Ci as shown at (B). Therefore in T type 
high-pass filters, the end capacitances are each twice the capacitance 
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used in the repeating sections, since the latter is the sum of two section- 
capacitances in series. 

At (C) is shown a “pi" type single section high-pass filter. When 
two or more such sections are joined together as at (D), we have two 
similar inductances in parallel with each other at the center. These may 
be considered as being replaced by a single inductor Li having half the 
inductance of either one. Therefore the outside inductors are each equal 
to 2Li. Thus in a multi-section “pi” type high-pass filter, each end in- 
ductance is twice the inductance used in the repeating sections, since the 
latter is the sum of two section-inductances in parallel. Here again, the 
larger the number of sections, the more perfect is the cut-off. 

186 . Deaigning high-pa« filters: For a high-pass filter of either 
the T or “pi” type, the values of capacitance in microfarads, and inductance 



(A) 



(B) 



Pig 126— (A) A single section high pass Alter (B) Transmission characteristic of a 
high-pass Alter (C) Single section T-type high-pass Alter 


in henries for a cut-ofF at f cycles per second are given by : 


0.07958 Z 79,680 

(27) Ci= (28) 

f f Z 


795.8 

and f=:: - (28A) 

Li X Cl 

These formulas give the value of Li and Ci as shown in (B) of Fig. 127. 

Z is in ohms, and applies exactly in the same way as in the formula for 

low-pass filters in Article 183. The same precautions regarding source 
and terminal impedances must be observed. The following example will 
serve to illustrate the usv. of the formulas. 

Eiample: The high-pass filter shown in Fig. 128 is to be connected between two 
vacuum tubes in an r-f amplifier, as shown. Radio and audio frequeneiea 
are fed into the amplifier and it is desired to separate them and amplify 
only the radio frequencies. Assume 20,000 cycles, the upper limit of audio 
frequencies, as the cut-off point. The internal plate circuit resistance Rg 
of tube A is 200,000 ohms. The 50.000 ohm plate coupling resistor Rr it 

in parallel with this at the source of the filter. Assume the input im- 

pedance of tube B to be infinitely great. 
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Solution: Since and R, are in parallel, their joint resistance R is: 
1111 1 

= =40,000 ohms. 

R R, Rc 200,000 50,000 

This is the effective input impedance of the source. The filter therefore should 
bo deaiirned for 40,000 ohms, and the other end should be terminated with resistance 
Ri of approximately the same value. 

From the formulas for high-pass filters we obtain. 

0.07968 Z 0.07968 x 40,000 

L,_i. = =0.16 henries (approx.) 

f 20,000 ans. 

79,680 79,680 

Ci= = =0.0001 microfarads (approx.) 

f Z 20,000 X 40,000 ana. 

The filter is made up of two “T” sections and therefore the capacitances of the 
two outside condensers must each be equal to 2 x 0.0001, or 0.0002 microfarads. 




Pl« 127 — Various arrancernents of T and "PI” asction niter*» (A) and (B) 2-«sc- 

Uon T-flltsrs. (C) stnsle section ••Pl" fUier. (D) and (E) 2*s»»cilon "Pr’ flUers 


High-pasa filters are sometimes used in the audio amplifiers and 
electro-dynamic loud speakers of radio receivers, to suppress 60 or 120 
cycle hum currents, and pass the currents of all higher frequencies. 
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then to the load, as shown at (A) of Fig. 129, it is evident that below 600 
cycles nothing could get through due to the high-pass filter, and above 
1,000 cycles nothing could get through due to the low-pass filter. Therefore 
the frequencies transmitted would be limited to those lying between 600 and 
1,000 cycles as shown at (B). This combination is known as a band-pass 
filter, because it passes only a narrow band of some pre-determined fre- 
quencies. The circuit at (A) is made up of two "pi” section filters. It 
is not necessary to make separate filters since the various parts can be 
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Flic 129— (A) Combination of single "Fi" low-paaa and hirb-paaa niters to »ive the band-p^ 
effect shown at <B). A practical combined band-pass "Pr* niter Is shown at (C) 
A T-type band-pass niter Is shown at (D) 


combined into a single filter section as shown at (C), and the same results 
obtained. This may also be made with two T-section filters in the same 
way as shown at (D). The type shown at (D) will pass two separate 
bands of frequencies. This makes it objectionable for use in many ap- 
plications where only a single band is to be passed. Usually it is necessary 
and desirable to pass only one band of frequencies rather than two, and 
since it also takes less apparatus, the filter circuits of Fig. 130 are the 
ones which are most generally encountered in ordinary band-pass filter 
work. A little study will "how that each of the filter circuits shown here 
is really nothing more than the general circuit shown in (D) of Fig. 129, 
but with one or more of the inductances or condensers left out. 

A study of (D) shows that the series resonant circuits allow one 
particular frequency to flow through them more easily than any other. 
The parallel resonant circuits across the line impede one frequency only, 
and allow all others to flow right through them, thus by-passing them 
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across. The circuits are so designed that the one frequency which gets 
through the series resonant circuits is the only one not short-circuited by 
the parallel re.sonant circuits. 

Every tuned circuit in the ordinary tuned radio-frequency radio re- 
ceiver is really a one-section filter, but in this case it is a band-pass Alter 
designed to pass currents of one particular small band of frequencies 
around that to which it is tuned, and block all others. Intermediate fre- 




Fig 130 — Four commoniy used band-pass flltsr circuits 


quency transformers in superheterodyne receivers are designed for the 
same purpose, and in carrier telephone work, filters of all three types 
are widely used. Various special forms of band filters and band selectors 
will be studied later in Arts. 360 and 391, in connection with radio re- 
ceivers. 


188. Design of band-pass filters: In designing a band-pass filter 
three quantities are usually known. These are: the impedance (Z) the 
filter is to work out of (or into), and the upper and lower cut-ofT frequen- 
:ies (ft and /, respectively). With this data a.s a basis, the capacitances 
and inductances required for the filter may be calculated bv formulae: 

f • — f 1 


c,=- 

4,1 f , f. Z 

-(farads) 

(29) 

c»— - 

1 




Ji (fr-f.) Z 

\ f 9 %l VXrO f 


L,.-- 

f.— f.)Z 

-(henries) 

(31) 


4a f| fa 
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Cl and C 2 are the capacitances in farads, as indicated in the conventional 
band-pass filter shown in Fig. 130, L 2 is the inductance of each coil in hen- 
ries, f 2 is the higher cut-off frequency in cycles per second and fi is the 
lower cut-off frequency, Z is the characteristic impedance of the filter. As 
with the other filters described, Z should be made as nearly equal to the im- 
pedance of the source and load, as practical. In practice, the impedance 
selected is usually that of the line, for some frequency near the middle 

of the pass-band. The use of these formulas may be illustrated by the 

following example: 

Example; It is desired to make a band-pass filter for a superheterodyne receiver; the 
filter is to pass a band 10 kc wide and is to have its cut-ofT frequencies 

at 100 and 110 kc. It is to be terminated at one end by a resistor of 

50,000 ohms which is in the plate circuit of a 227 type vacuum tube having 
a plate impedance of 10,000 ohms; at the other end it is terminated by a 
variable grid leak which is adjusted to match the impedance of the filter. 
Solution: Impedance R, of the parallel circuit feeding into the filter: 

1 1 1 

— ~ 4- or R " 8,350 ohms, (approx.) 

R 60,000 10.000 

f.— f, 110.000—100,000 

C, — = .0000087 microfarads. 

•Irfjf.Z Ai- 100,000x110,000x8,350 

1 1 

C ,= = = .0039 microfarads. 

T(f .— fjlZ 3.14 v 10.000x8,350 

(f,— f,)Z 10,000x8,350 

L,__ = = .0006 henries. 

4.Tf,r. 4.1X100.000X110,000 

Note: In the above solutions Cj and have been converted to microfarads by 
multiplying the an.swers given by the formulas by the conversion factor 1,000,000. 

189. The band-suppression filter: By inverting the band-pass 
filter, the filters shown at (A) and (B) of Fig. 131 are obtained. This is 
called a band-suppression filter. The characteristic of this type is shown 
at (C). Filters of this type are commonly used to suppress electrical dis- 
turbances lying within some particular band of frequencies. 

The **wavetrap'' sometimes used in the antenna circuits of radio re- 
ceivers is a form of band-suppression filter. As shown at (A) of Fig. 132, 
a series wavetrap consisting of a coil and a variable condenser connected 
in parallel with each other, are connected in series with the antenna cir- 
cuit of a radio receiver. When the filter is tuned to resonance for a given* 
frequency, signals of tha^ frequency cannot enter the receiving set since 
the parallel resonance filter circuit presents a very high impedance to 
the flow of current of the frequency to which it is tuned. It can be de- 
signed to suppress a band of frequencies about 10 kc wide, depending upon 
the width of its resonance curve. It is a “rejector” wavetrap. 

If the filter is shunted across the antenna and ground connections 
as shown at (B), the signals to which the filter is tuned will go through 
the receiver while the other signals will be shunted across through the 
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filter since it offers a very high impedance to signals of its resonant fre- 
quency and a low impedance to all others. A band of frequencies about 
10 kc wide (depending on the resonance curve of the filter) will pass 
through the receiver coil for any setting of the filter condenser. This is 
an acceptor ware trap. The filter tunes more sharply if it is inductively 
coupled to the antenna circuit by winding a 5-turn coil over the coil of 
the filter and connecting it in series w’ith the coil in the antenna circuit. 

190. Genera! uses of filters: Electrical filters are used extens- 
ively in studying the characteristics of communication equipment and in 
the transmission of electrical impulses of multiple frequency as exem- 
plified by speech or music Such filters consist of capacitance and in- 
ductance networks so designed that they allow certain frequencies to 



pass readily through them while at tne same time they attenuate other fre- 
quencies strongly. By the use of filters for instance, a com])osite sound 
may be divided into several parts, or a fault in telephone apparatus may 
be remedied by attenuating or placing emphaMs on certain ranges of 
the frequency spectrum. 

By means of band filters, it becomes j»ossible to .separate in accord- 
ance with the frequency. We are thus enabled to transmit a number of 
messages simultaneously over the same telephone circuit, or through the 
air, and to separate these mes.sages at the receiving station. For example, in 
the multiplex telegraph system, known as the carrier current system, there 
are transmitted over the same pair of wires simultanef>usly, 10 telegraph 
messages which are carried by currents of tem different fre(pienci(*s, all 
somew'hat above those of the voice range: two ordinary telegraph mess- 
ages, carried by direct currents, i e., zero frf^^uency currents; and an or- 
dinary telephone con ver.sation This multiplex telegrajih .system is in 
operation between many of the imfiortant cities of ttu' country. In every 
case, the separation of the different messages is accomplished by means 
of electrical filters which select a single band of frequencies for trans- 
mission to the ajjparatus to which they are connected and fail completely 
to transmit all the other messages which m<iy be simultaneously received. 
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Filters are being used more and more in radio receivers in order 
to obtain certain desired characteristics which are either otherwise un- 
obtainable, or else would be very much more expensive if arrived at by 
other methods. We will examine these in detail at the proper points 
during our study of radio receivers. 

Resititance-capacity type filters consisting merely of a resistor in 
series with one side of the line, and one or more condensers across the 
line, are u.sed extensively in audio amplifiers as we shall see presently. 
They have one great advantage in this type of work in that they are 
cheap and do not have any bothersome re.sonant frequency points which 
might be objectionable if the ordinary inductance-capacity filters were 
u.sed. 



WAVK TRAP l.\ .SKHIPS v WAVE TRAP IN PARALLEL 

(REJECTOR nR( I IT) (ACCEPTOR CIRCUIT) 

Kik 132- -suppression wave raps or fillers connected to the antenna circuit of a radio 

rtM'tM\*r lo eliminate m i ‘^rference from unwanted stations (A) series wave trap. 
Ml) Shunt or parallel wa\e trap 

Band-pass filters are being used extensively in radio receivers of 
both the tuned-radio-frequency (T-R.F.) and the superheterodyne type. 
They are arranged to pass a band of frequencies approximately 10 kilo- 
cycles wide. 

In thi* T.R.F\ roceivers the 10 k.c. frequency band passed through, can be shifted 
throujfhi at the entire broadcast band frequency range from 500 to 1500 k.c. by means 
of the tuning condensers. In the superheterodyne circuit the frequency band-passed 
IS set fix«»d at some definite value in the intermediate amplifier. At the present time 
most supers are designed to pass through their intermediate amplifier stages, a 10 
k.c. -wide hand of frequencies at about 175 or 180 kilocycles. That is, if the inter- 
mediate amplifier is designed for, say 175 k.c., then the hand-pass filter is arranged 
to pass the hand from 170 to 180 k.c. and sharply cut off all frequencies above and 
below this value. The simple form of band-pass filter usually employed in circuits 
of this kin4 is a bit different from the usual form. In the plate circuit of one am- 
plifier tube we have the primary of an intermediate transformer, forming with its 
tuning condenser a parallt’l v 'sonant circuit which places a high impedance in the 
plate circuit of the tube at the particular frequency (or 10 k.c. band of frequencies) to 
which it is tuned to resonance. This causes maximum amplification of the signals at 
this band of frequencies. The secondary of th^ coupling transformer forms a series 
tuned circuit (at the same frequency band) with its tuning condenser, and hence this 
tends to allow currents of this part;icular frequency (or band of frequencies) to be 
passed and to circulate freely and set up comparatively large voltages across the grid 
input circuit of the folfowing amplifier tube. The net effect then is simply to pass 
thit)ugh the hand of frequencies to vhich the primary and secondary tuned circuits 
of the coupling transformer are resonant, and reduce or completely stop the flow of 
currents of all other frequencies. The system will be studied in more detail later in 
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connection with superheterodyne receivers. The tuned circuits are made broad 
enough so they pass a band of frequencies about 10 kc wide, instead of passing only a 
single frequency as a sharply tuned resonant circuit would do. 

REVIEW QUESTIONS 

1. Give three examples of mechanical filtering devices and explain 
their action. 

2. What do you understand the term “electrical filter ’ to mean? 

3 What is a low-pass filter? Draw a circuit diagram of (a) a 

single section T filter of this type (b) a “pi” section. 

4. Describe one application of a low-pa.^s filter. 

5. What is a high-pass filter? Draw a circuit diagram of (a) a 
single section T filter of this type, (b) a “pi” section 

6. Describe one application of a high-pass filter. 

7 What is a band-pass filter? Draw a circuit diagram of a 2 sec- 
tion filter of this type 

8. Give an application of a band-pass filter 

9 What IS a band-re lector filter ? Draw a circuit diagram of a 
2-section filter of this type. 

10. What three principles of alternating currents do the operation 
of electrical filters depend upon ? 

11. What IS the effect of building a filter uith several similar sec- 
tions rather than a single section'* 

12. What is meant b> the cut-ofT point ot a filter? Draw curves 
illustrating the point of cut-off for each of the four types of 
filters. 

13. A 2-section low-pass filter connected between the output tube 
and the loud speaker of a radio receiver is to cut-off at 4000 
cycles. The plate impedance of the tube circuit at its source is 
2000 ohms. What must be the values of the inductance and 
capacitance used in the filter? Draw the circuit diagram with 
all constants marked (ai if the filter is of the “pi” type (b) if 
it is of the T type 

14. A 2-section high-pass filter connected between the output tube 
and the loudspeaker of the above radio receiver is to cut off at 
100 cycles. What must be the values of the inductance and 
capacitance used. Draw the circuit diagram with all constants 
marked, (a) for a “pi” type filter, (b) for a T type filter. 

15. What is the effect of resistancf^ m the elements of a filter? 

16. It is desired to design a band-pass filter to pass a 10 kc band 
of frequencies from 170 kc to 180 kc in a 175 kc intermediate 
amplifier of a superheterodyne receiver. The source and load 
impedances may be taken 200.000 ohms. The filter is to be 
arranged as shown at (B) of Fig. 130. Calculate the values 
of the circuit constants required. 
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ELECTRICAL MEASURING INSTRUMENTS 

EXTERNAL EFFECTS OF CURRENT FLOW — MAGNETIC TYPE INSTRUMENTS — 
TANGENT GALVANOMETER — D’ARSONVAL GALVANOMETER — BALLISTIC GAL- 
VANOMETER — THE WESTON MOVEMENT — D. C. AMMETER AND SHUNTS — 
USE OF AMMETERS — EXTENDING RANGE OF D. C. AMMETERS AND MILLIAM- 
METERS — HOT WIRE AMMETERS - - THERMOCOUPLE INSTRUMENTS — DIRECT 
CURRENT VOLTMETER — INCREASING U. C. VOLTMETER RANGE — MAKING 
D. C. VOLTMETER FROM MILLIAM METER — HIGH RESISTANCE VOLTMETER — 
COMBINED VOLTMETERS AND AMMETERS — WATT METERS — A. C. METERS. 
— RECORDING WATT-HOUR METER — POWER CONSUMPTION TEST OF RADIO 
RECEIVER— INCLINED COIL, MOVABLE IRON, AND ELECTRO-DYNAMOMETER TYPE 
A. C. METERS — DRY PLATE RECTIFIERS AND COPPER-OXIDE TYPE METERS — 
RESISTANCE MEASUREMENT BY AMMETER & VOLTMETER, VOLTMETER ALONE, 
OHMMETER — WHEATSTONE BRIDGES FOR MEASURING RESISTANCE, IN- 
DUCTANCE OR CAPACITANCE — THE WAVEMETER — MEASURING FREQUENCY 
AND WAVTELENGTH — REVIEW QUESTIONS. 

191. External effect* of current flow: It must be evident to the 
student at this time that the two quantities which we deal with most in 
electrical work are the current or rate of flow of electrons through the 
circuit, and the voltage or electrical force which causes the drift of elec- 
trons. The electrical poiver in watts may also be considered. It is 
necessary for us to be able to accurately measure these quantities, in 
order to design, build and test electrical and radio equipment. Since we 
cannot .see, taste, smell, hear or feel an electric current flowing through 
a circuit, we must employ one or more of its effects which we can observe, 
for its measurement. 

First, current flowing through a circuit, always produces around it an associated 
magnetic force or field whose strength is proportional to the rate of current or electron 
flow (amperes) through it. This is known as the magnetic effect, and is illustrated at 
(A) of Fig. 133. Second, a current flowing against the resistance of a circuit always 
produces heat, proportional to the square of the current. This is the heating effect, 
as shown at (B). Third, if current is sent through an acid or salt solution between 
two conducting plates, electro! ^c action will take place, the solution will be dis- 
sociated chemically and metal will be plated out on one of the plates. This is known 
as the electro-chemical effect and is illu.strated at (C). 

Theoretically, any of the three effects mentioned and described above 
could be employed for the measurement of electric current and e. m. f. 
simply by measuring the intensity of the effect produced by the passage 
of the current to be measured. Practically however, the magnetic effect 
is employed most frequently, in what are known as the magnetic type 
electrical measuring instruments, and the heating effect is used in the 
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hot wire instruments used for special applications. The electro-chemical 
effect is not used for current measurement in practical work. 

192. Magnetic type inatruments : Instruments which depend for 
their operation on the electromagnetic effect of the electric current are 
called galvanometers, and are the most common types for both d-c and 
a-c measurement work on account of their ruggedness, high degree of 
accuracy, simplicity and portability. Since the magnetic field existing 
around an alternating current carrying wire varies in strength and 
direction with the current, a-c ammeters and voltmeters are constructed 
differently than d-c meters. They will be studied later. We will first 
study the simple forms of galvanometers which led up to the development 
of the Weston movement which forms the basis of most high grade mag- 
netic type ammeters and voltmeters in use today. Although these galv- 
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anometers are not used to any extent at present, a study of them will help 
the student to easily understand the operation and construction of our 
present forms of instruments. 

193. Tangent galvanometer: Probably the simplest type of mag- 
netic current indicating and mea.suring instrument, is the tangent galv- 
anometer shown at (A) of Fig. 134. A description of the construction 
and action of this old form of instrument follows: 

The tangent galvanometer consists of a vertical coil of insulated copper wire, with 
a amall permanent-magnet compass needle mounted in a horizontal plane at its center, 
as shown in (A) of Fig. 134. Since this compass needle is free to rotate in a hori- 
xontal plane, it will point exactly north and touth in the earth’s magnetic field when 
no current la flowing through the coil. To use the galvanometer, the coil (with no 
current flowing) is nrst turned around so its plane lies directly in line with the com 
paai needle, i.e., pointing in a north and south direction. When this is done, the com- 
pass needle will be directly over the ’’zero” mark on the scale mounted underneath it 

Now the current to be measured la sent through the cjil of wire This produces, 
inside of the coil, a magnetic field whose strength depends upon the number of turns 
of wire and the current. With the current direction shown at (A) of Fig 134, a N 
pole is produced at the front face of the coil and a 3 pole is produced at the rear, 
as marked. The S pole of the coil attracts the N pole of the compass needle and makes 
it tend to move around in a clockwise direction, against the force of attraction of the 
earth's magnetic field for it. The N pole of the coil will also tend to attract the S 
pole of the compass needle around in the .same direction. The result is that the 
passage through the coil, of the current to b<» measured, produces a deflection of the 
needle around from its “zero position", the tangent of the angle of deflection thus pro- 
duced being proportional to the strength of the current flowing through the coil. For 
this reason it is called a “tangent galvanometer". If the galvanometer has been prev- 
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lously calibrated, and the current values are already marked on the scale below the 
compass needle, the current in amperes flowing when a given angle of deflection is pro- 
duced can be read directly from the scale. In this way, the instrument can be used 
as an ammeter, to measure current. 

We have here, a device for measuring the flow of electric current by means of the 
magnetic force of attraction it produces on a movable magnet at the center. This is 
called a galvanometer. 

This form of galvanometer has several disadvantages, the most im- 
portant of which are as follows: (1) it is not readily portable and com- 
pact; (2) the readings are affected by any external magnetic fields which 
may exist around near the instrument; (3) it is not sensitive to small 
currents since the magnetic field produced by the current must pass 
through a long air path; (4) the instrument can only be used when the 
plane of the coil is lined up so it points N and S, and’ the instrument 
must be leveled up to permit free rotation of the compass needle every 
time it is used; (5) it also has the disadvantage that in its simplest form 
it does not return to the zero point very quickly when the current flow 
through the coil is stopped, and also, the needle oscillates back and forth 
for quite a long period of time before it finally comes to rest at any posi- 
tion; (6) the accuracy of its readings are also affected by changes in the 
earth’s magnetism, which as we Know may be severe during magnetic 
storms and times of “sun-spots”. 

194. D*Arftonval galvanometer: The foregoing objectionable 
features of the original form of tangent galvanometer, led to its improve- 
ment by several men, but perhaps the most important improved form 
was that of D’Arsonval. This is called the D’Arsonval galvanometer, 
after its inventor, and is shown in simple form at (B) of Fig. 134. Its 
construction and operation is as follows: 

A permanent horseshoe magnet is placed with its poles as shown and a movable 
rectangular coil of very fine insulated wire is suspended between the poles at the top 
by a fine phosphor bronze or steel wire which also serves as one current lead from the 
coil. The other conneciior. is m the form of a very flexible spiral of soft copper 
ribbon connected to the bottom of the coil, but exerting no appreciable restraint to 
its rotatioi. When the current to be measured flows through the coil, a magnetic field 
IS produced m and around it. the poles being at the back and front faces of the coil as 
usual. The attraction between the S pole of the coil and the N pole of the permanent 
magnet, and that between the N pole of the coil and the S pole of the permanent 
magnet causes the coil to turn around in a clockwise direction (looking down on the 
top), the amount of deflection being approximately proportional to the current flow- 
ing through the coil. The coil will of course move clockwise or counter-clockwise 
depending on the direction of the "current through it. The tendency to rotate is 
opposed by the twisting or torsion of the suspension wire, and the motion continues 
until the turning effort (or torque) due to the current is equal to the opposing torque 
of the suspension wire. A statmnary cylindrical soft iron core is placed inside of, 
and clearing the coil, and is supported from the back. Its purpose is to strengthen 
the magnetic field between the poles of the permanent magnet, by reducing the re- 
luctance of the flux-path, and hence it makes the instrument more sensitive; that is, 
a given current sent through the instrument will produce a larger deflection of the 
coil. 

It must be remembered that the coil rotates freely in the small annular space 
between the magnet poles and the soft iron core. If the coil is wound on a thin 
non-magnetic metallic frame such as ah^minum, the instrument is very **dead beat’’, 
for the instant the coil moves, eddy currents are induced in the frame in such a direc- 
tion as to tend to stop its movement. This damps the motion of the coil so it quickly 
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comes to rest when the current flow through the coil is stopped or when it is de- 
Aected to any position, instead of oscillating back and forth for several seconds. 

A mirror is usually attached to the coil so that a beam of light from an incan- 
descent lamp, directed on it by a system of lenses, will be reflected back on to a semi- 
circular graduated scale placed about one meter from the mirror. When the coil 
deflects, the mirror deflects with it and the light is reflected back to the scale at an 
angle as shown at (C). Thus a very small deflection of the coil and mirror will 
produce a very much enlarged or amplified deflection of the beam of light on the 
scale^so that it can be read accurately by means uf a telescope. A complete D'Arsonval 
galvanometer of this type is shown at the right of Fig. 135. The small lamp which 
produces the beam of light, and the telescope and scale arc supported at the left by an 
arm. The galvanometer movement and mirror are enclosed in an iron case which shields 
it from external magnetic fields and is arranged to be mounted on a wall in the position 
shown. Since the coil and suspensions are exceedingly light, and there are many 
turns of fine wire on the coil, galvanometers of this type can be made sensitive enough 
to give a deflection (of the spot of light) of one millimeter on a scale one meter 
distant from the mirror, for a current of .000000001 amperes. If a resistance of 
1,000 megohms is connected in series with the moving coil, an e. m. f. of one volt 
applied to the meter will produce a deflection of one millimeter division. Therefore 
It can also be used as a voltmeter by connecting a high resistance in series with it. 



The D’Arsonval sralvanometer is quite an improvement over the old 
tangent galvanometer in that it is not affected by changes in the earth’s 
magnetic field or by external magnetic fields and can therefore be used in 
close proximity to electrical apparatus. It can also be built very sensi- 
tive. but it has several limitations which make it suitable only for use in 
laboratory work where it is permanently mounted, usually on a wall. It 
is too large, bulky, and delicate to be conveniently portable, also it must 
be carefully leveled up so the coil moves freely without touching the pole 
pieces. This is accomplished by the leveling screws and tension screws 
provided. 

Notice that in the D’Arsonval instrument the permanent magnet is 
stationary and the coil moves. Thi.s construction in refined form is used 
in most direct-current electrical measuring instruments today. 

195. Ballistic galvanometer: A form of D’Arsonval galvano- 
meter which is used for measuring momentary currents (such as currents 
during discharge of condensers, currents produced by momentary elec- 
tromagnetic induction etc.) is called a ballistic galvanometer. 
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It is constructed with a wide coil designed to have considerable mass and is 
arranged so it has very little damping effect. If a momentary current is passed 
through its coils, the impulse given to the movable coil does not cause appreciable 
movement at once, owing to the inertia of the heavy moving parts, the result being 
a slow “swing” of the system. The maximum defli-ction or “throw” must be noted 
carefully on the scale, just at the point where the coil and spot of light begin to 
swing back to zero. The throw is a measure of the quantity of electricity sent 
through the coil. The instrument looks like that shown at the right of Fig. 135. It 
has a resistance of about 2000 ohms and will produce a deflection of 1 mm. on the 
scale by a quantity of electricity of about .003 micro-coulomb, the time of the ballis- 
tic throw from the position of rest to that of maximum deflection being about 5 seconds. 

Ballistic galvanometers are used in many condenser measurements, 
where the current discharges from the condenser too rapidly to operate 
the ordinary form of galvanometer or ammeter. 



Kig 


135— Left A modern 
M.ov erneiii 


Weston galvanometer built 


m portable form with the Weston 


Right A laboratory type of/^ D'arsonval galvanometer used for measurement of 
small riineni** or voitage.s This same instrument in ballistic form la used to 
measure rvonientary currents and voltages 


196. The Weston movement; About 1885 Dr. Weston set about 
to improve the D'Arsonval galvanometer and reduce it to a form which 
would meet all conditions of accuracy, ruggedness, portability, compact 
size, etc., required for electrical measuring instruments which were needed 
at the time in connection with the development of electric lighting systems 
and electroplating. The so-called “Weston movement" so widely used 
today in d-c measuring instruments is the result of his work. He retained 
the basic idea of the static ’ary permanent magnet and moving coil, but 
introduced several refinements of construction which eliminated most of 
the objections to the old D’Arsonval galvanometer. A description of the 
Weston movement follows: 

A very strong, carefully aged, horseshoe permanent magnet M has two soft iron 
pole pieces P, fastened' to it by screws, as shown at (B) of Fig. 136. The magnet is 
noop shaped at the top in order to obtain a long air gap with consequent redact 
magnetic leakage between the pole legs. The stationary soft iron core C, is supported 
by a screw passing through the brass front cross strip B, extending across the pole 
pieces. The iron core is smaller in diameter, than the bore of the pole pieces, so a 
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small annular air gap is left between them. In this air gap is a very powerful 
uniform, radial magnetic held as shown. Since the field is uniform and radial, the 
instrument has a uniform scale; that is, equal divisions at any point on the scale 
represent equal changes of current or voltage. 

The movable coil shown at (C) consists of a light alumium-alloy rectangular form 
L, on which is wound many turns of very fine insulated copper wire, W, through which 
is passed the current (or a definite fractional part of the current) which is to be 
measured. This coil is provided, above and below, with hardened steel pivots which 
rest in cup shaped sapphire jewel bearings. It is mounted so it may turn on these 
pivots, in the unvarying magnetic field existing in the air gaps between the pole 
pieces and the iron core, as shown at (A). The current is conveyed to and from the 
coil through two light spiral hair-springs S, (similar to those in a watch) which 
perform the additional function of always returning the coil to a definite zero position 
and of exerting a reacting or restoring force whose magnitude is directly proportional 
to the angular deflection of the coil from the zero position. These two springs are 



Fif 136 — (A) Assembled Wesion d-c met^r niovement A portion of the permanent tuirne- 
shoe magnet has been cut away at the left, to reveal the Interior 

(B> Permanent magnet, pole pieces and core assembled (C) Movable coil 
springs. pi\ots and pointer assembled 

wound in opposite directions .so that any increase or decrease in their length due to 
changing temperature conditions etc., will affect both an equal amount, and the ef- 
fect of one m pushing the coil one way or the other is exactly balanced by the 
equal and opposite effect of the other, so that no change takes place in the position 
of the movable coil. 

Fixed to the coil is a long hollow alumium pointer P. with a flattened knife-Iike 
end which moves over a scale which has been graduated during the calibration of 
the meter at the factory, when its readings were compared with those of a standard 
precision meter through which the same current was sent. The weight of the pointer 
18 usually balanced by a “balancing nut” which can be moved nearer or further from 
the pivot. As we shall see, the scale may be calibrated to read amperes, milliam- 
peres, volts, millivolts, etc., depending on what the meter is constructed to measure. 
The “zero adjuster” is attached to the outer end of the spring, and projects up 
through the glass in the form of a slotted screw head. When the adjustment is made 
the spring is rotated slightly either clockwise or counter-clockwise until the pointer 
18 directly over the zero mark. 

The entire movable coil assembly is made extremely light and the jewelled bear- 
ing have very little friction, so that it requires very little current through the coil to 
deflect it and the po nter around to full scale position The number of amperes 
through the coil required to deflect it around to “full scale” or end position is a 
meaaure of the “sensitivity” of the meter. The less current required to do this, the 
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more sensitive is the meter. A meter is made sensitive by usin^ a very strong per- 
manent magnet, a small air gap, a very light coil, and a large number of turns of fine 
wire on the coil. Instruments of this type usually require between o and 20 milliam- 
peres, usually averaging around 15 milliamperes, for full scale deflection of the pointer. 

The thin aluminum coil frame makes the instrument “dead beat” due to the op- 
posing eddy currents set up in it when the roil is moving. Since the eddy currents are 
set up only when the coil and frame are moving, the eddy currents have the effect of 
damping or retarding any motion of the coil and needle, thus bringing it quickly to 
rest at the proper point when the current is turned on, and permitting the reading to 
he taken immediately. 

A small portable galvanometer of this type used for measuring very 
small eurrent.s or voltages is shown at the left of f"ig. 135. The two 
terminals are at the top and the in.strument is arranged to read currents 
Mowing through in either direction, in instruments designed for great 
accuracy, a mirror is often set in the scale card as shown in the meters 
in Fig. 139. Thus if the ohserxer stands directly over the instrument in 
such a position that th(' fiointer either completely coxers its image in the 
mirror, or appears to be midxvay in the image, error due to parallax or 
r(*adiiig of the deMection sidewise, is avoided because the line of vision 
then coincides with the pointer and its image in the mirror. When read- 
ing meters which ilo not haxe this mirror, the observer should be care- 
ful to keep his exe directlu orrr the needle. 

The Weston movement just described eliminates all of the objection- 
able features which are present in the old form of D’Arsonval movement. 
The rigid mounting of the coil in jewelled bearings makes the instrument 
rugged, c()m})dct, easily portable and xery accurate. Of course the per- 
manent magnet in any instrument of this type must not weaken even over 
a period of years, for any such change xvill weaken the attractive force 
for the movable coil and thus make the instrument read low. The per- 
manent magnets of lugh grade, instruments of this type are carefully 
aged to prevent this. Instruments should be handled carefully, for shocks 
or jars will tend to weaken the magnet and cause inaccuracy in the 
readings Modern electrical instruments represent the finest skill in 
precision manufacturing. They are built as delicately and as accurately 
as a watch and should be handled just as carefully. The student is 
urged to carefully examine the working parts of a high-grade galvano- 
meter. ammeter, or voltmeter. When properly cared for, the readings of 
instruments of this type may be relied upon to be correct to within a few 
tenths of one per cent. 

197. D-C Ammeters and shunts: We have mentioned several 
times that the moving element consisting of the coil frame, coil winding, 
pivots, springs and pointer must be very light to reduce friction in the 
bearings. An idea of the remarkable lightness achieved in these units 
may be gained from the fact that in one type of portable Weston com- 
bined voltmeter and ammeter, the entire movable system (see C of Fig. 
136) weighs less than .007 ounces although consisting of 16 separate 
little parts. Since the wire wound on such a moving element must be 
fine and light, it is evident that the movable coil cannot carry very much 
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current without undue heating. The movable element in this form of 
meter is rarely allowed to carry more than about 0.05 ampere. Thus for 
ammeters or milliammeters designed to measure currents up to about 
this value the moving coil is connected directly in the circuit, and carries 
the full circuit current as shown at (A) of Fig. 137. The reading of the 
meter is of course directly proportional to the current or (number of elec- 
trons per second) flowing through the circuit and the moving coil. An 
actual Weston meter movement is shown in Fig. 141. 


If the meter is to be connected into circuits carrying more current 
than this, it is evident that we must either increase the size of the wire 
on the movable coil proportionally to take care of the larger current with- 
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Pig 13T — How shunts arc connected to csiry a dehnite fraction of the total current in a 
circuit, permitting the use of an ordinary gaUanomeiei movement as an ammeter 
to measure large currents 


out undue heating, or else we must allow only a definite fraction of the 
total current of the circuit to go through the meter coil, as shown at (B). 
The former method is impractical for it would result in a clumsy, heavy, 
movable coil and greatly increased inertia and bearing friction. The 
latter method is the one used in ammeters. The current is divided, a cer- 
tain definite part of it flowing through the movable coil and the rest 
"shunted” around the coil by means of a low resistance ‘‘shunt" con- 
nected across it. The action of the meter with the shunt may be explained 
as follows : 

At ^A) of Fig. 137, the only path for the current is through the moving coil of 
the instrument. If the current to be measured is greater than the wire on the moving 
coil can safely carry, part of the current can be “shunted” nr allowed to flow through 
the parallel shunt resistor R, as shown at (B). Suppose the re'iivtance R. of this 
shunt is just equal to the resistance Rm of the moving coil of the meter; then, of course, 
just half of the total current will go through this shunt and half will go through the 
meter coil, and all we have to do is multiply any reading of the instrument by 2 to 
determine the total current. If we carried this further and added another <«imilar 
shunt as at (C) the instrument reading would represent of the total current. We 
might continue this indeflnitely, adding any number of equal shunt resistors m par- 
allel and thereby making the current actually flowing through the coil less and less 
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In practice, a single shunt resistor of the proper resistance value and current carry- 
ing capacity is connected across the moving coil for each particular current range of 
the ammeter. The shunts are usually made of Manganin alloy since this has a very 
low temperature coelficient of resistance and therefore the heat developed by the flow 
of current through the shunt will not change its resistance appreciably. Where the 
instrument is to be used to measure large currents, the shunt is constructed in mul- 
tiple blade form with several strips firmly soldered into a block at each end, and having 
air spaces in between them for cooling, as shown at (D) of Fig. 137. The current which 
a shunt is to carry chiefly determines its physical size, because enough metal and 
surface area must be provided to prevent overheating, and at the same time the 
resistance must be high enough to allow a suitable portion of the current to flow 
through the movable coil of the instrument. When the current is greater than about 
30 amperes, it is not practical to construct an instrument with a self-contained shunt, 
because the instrument itself would become so large as to be unwieldy, the heat de- 
veloped m the shunt is not readily dissipated, and besides, the path of the current 
conductors would have to be more or less indirect in order lo reach the instrument. 
It is much more convenient, therefore, to construct the shunt separately, provide it 
with suitable terminals and connections, and insert it by cutting the main circuit con- 
ductors (or bus bars as they are called) at any convenient point. The indicating in- 
strument is then connected across the shunt by means of a set of flexible leads whoM 
resistances are measured and adjusted exactly so as to form part of the instrument. 
These should never be cut or len^hened, as their resistance would then be changed. 

For ammeters of medium range up to about 30 ampere,s, the manu- 
facturer puts the shunt inside of the instrument and calibrates the scale 
so that it correctly indicates the total current without any need for fur- 
ther calculations. Most ammeters u.sed in radio work have the shunts 
enclosed within the instrument case. 

198. Ute of ammeters: From the foregoing it is evident that 
a d-c ammeter really consists of a portable type of D’Arsonval galvano- 
meter with a .suitable shunt connected across it, and a scale calibrated in 
amperes. The fine wire on the movable coil only carries a definite small 
fraction of the total current, which is being measured. 

Ammeters are used in all branches of electrical work and are de- 
signed to measure small currents of a few thousandths of an ampere 
(milliampere) as well as currents of thousands of amperes. In radio 
work, low reading ammeters are commonly used to measure the currents 
in the filament circuits of the vacuum tubes. Ammeters used to measure 
the plate currents of the.se tubes are called milliammetcrs (one milliam- 
pere equals 1 1000 ampere), becau.se their scales are marked to read the 
current in milli-amperes. The only difference between a d-c ammeter 
and d-c milliamroeter is in the size of the shunt employed. 

The ammeter or milliammeter must always be connected in series 
with either side of the line, as shown at (A) of Fig. 137. When connecting 
an ammeter in a circuit, it is necessary to open one side of the line and 
connect the ammeter so the current flows through it. The instrument 
should have a range sufficiently high to carry the current flowing. Re- 
member that the ammeter must always be connected in SERIES with 
one side of the line. Never connect an ammeter across the line, for since 
it ha.s a very low resistance, the e.m.f. across the line would send a heavy 
rush of current through it and burn it out. 

199. Extending the range of d-c ammeters and millisuBunetcrs: It 
is often desired to increase the range of a d.c. ammeter or milliammeter 
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on hand, in order to save the cost of a new instrument of larger range 
This may be done by connecting an additional shunt resistor across the 
terminals of the meter to shunt a portion of the total current around it. 
Thus consider in (A) of Fig. 137, that the meter on hand (whether it 
already has a self-contained shunt in it or not does not make any differ- 
ence) has a range of 0-1 milliamperes. Suppose we want to extend its 
range to 10 m.a. Then a shunt R. must be connected across it such that 
the moving coil of the tneter will carry 1 10 of the total current and 
the shunt 9 10, or the shunt resistance will be 1 9 of the meter resistance. 
If the meter resistance is 27 ohms for instance, the shunt resistance re- 
quired to make a .0-10 milliammeter of it would be, 1 9 X 27 = 3 ohms. 

In general let us suppose the meter considered has a resistance of R,„ 
ohms and let R, be the resistance of the additional shunt to be connected 
across it to increase its range. Let I„, be the original maximum scale 
reading (in amperes or milliamperes) of the instrument Let I. be the 
desired new maximum reading (correspondingly in amperes or milliam- 
peres). Then; 

I 

r=N — multiplvmg factor 

lo, 

R., 

and R,-: 

N-1 


Example: A milliainmeter having a range from 0 50 niillianiperos and an internal 
resistance of 2 ohms, is to he converted into an ammeter having a maximum 

range of 10 amperes What value of shunt res|..tor must he connected 

across its terminal.s'’ 

Solution: 10 amperes= 10,000 milliamperes. 

I 10,000 

therefore N — rr — =i200 

L 50 

R» 2 

and R,=z — —01 ohm (approximately) Ans 

N-1 200-1 

Thus a shunt resistor of .01 ohm mu.st be connected across the meter This should 
be of a size able to carry the current without undue heating All readings as read on 
the old Scale of the meter must now be multiplied by the multiplying factor N. (200 in 
this ease) to obtain the correct reading in milliamperes. 

A number of .shunts may be connected across a meter and controlled 
by a low resistance contact switch, .so that any one of them may be put 
in the circuit at a time. This arrangement is shown at (E) of h’ig. 137. 

It is evident from the above problem, that in order to calculate the 
value of R. by this method, the exact value of the internal resistance of 
the meter must be known. This information can be obtained from the 
manufacturer of the meter. The resistance of most small 2 inch and 3 
inch diameter type milliammeters is in the neighborhood of 20 to 50 
ohms. 

The approximate resistance values of the Model 301 Weston microam- 
meters and milliammeters, and corresponding Jewell meters, are given in 
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the table below to aid in calculating the proper resistance values to be used 
for extending their ranges. The model 301 type instruments are probably 
the most popular ones used in radio work on account of their small size, 
low cost, and general usefulness. 


TABLE OF COMMON MILLIAMMETER CHARACTERISTICS 


Weston (Model 301) 

. - 

Correap. Jewell Meters 

1 Range 

1 Micro-Amp. 

Resistance 

Ohms 

Number of 
Divisions 
on Scale 

Resistance 

Ohms 

Number of 
Divisions 
on Scale 

200 

66 

40 

140 


300 



140 


600 

66 

50 

140 


Milli-Amp. 





1. 

27 

50 

30 


1.6 

18 

76 

30 

76 

2. 

18 

40 

26 


3. 

18 

60 

20 


5. 

12 

50 

12 


10. 

8.6 

50 

7 


16. 

3.2 

75 

5 

75 

20. 

1.5 

40 



26. 

1.2 

50 

3 

60 

30, 

1.2 

60 



60. 

2.0 

50 

1.6 


100. 


50 

.75 


; 160. 

.66 

76 

.5 


I 200. 

.6 

40 

.37 


250. 

.4 

50 



300. 

.33 

60 

.26 

60 

500. 

.2 

60 

.16 

60 

i 800. 

.126 

40 



1000. 

.1 

60 




Courtery AerovoT Rfteareh Worker 


If the meter resistance is not accurately known, the exact value of 
shunt resistance required may be found in another way as shown at (F) 
of Fig. 137. 

Suppose we desire to calibrate a 10-milliampere meter so that it will read up to 50 
milliamperes. We would connect a battery, B, as indicated on the diagram, in series 
with a variable resistance. V.R., so as to limit the current passing through the meter 
(without a shunt) to 10 milliamperes. The resistance would be varied until the meter 
read exactly 10 milliamperes and then the resistor R, (the shunt) would be switched 
across the meter and its resistance altered until the meter read 2 milliamperes. Under 
such conditions (with the shunt connected), a reading of 2 milliamperes on the meter 
would mean that 10 milliamperes were actually flowing through the circuit. Like- 
wise. full scale deflection would indicate a 50-milliampere flow although the needle 
poinUd only to 10 milliampere‘ The same procedure would be followed in shunting 
any instrument, i.e., setting up a circuit which will pass -sufficient current to give a 
maximum deflection on the meter, then shunt the meter and reduce it a definite amount 
such as one half, one third, or one fifth, then, in order to determine the actual current 
flowing in the circuit with the shunt connected, it is merely necessary to multiply 
the meter reading by 2, 3. or 6, depending upon how much the original deflection of 
the meter was reduced by the shunt. 

Resistances selected as shunt multipliers (or as series multipliers for 
voltmeters) should be of the precision type manufactured especially for 
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the purpose (see Fig. 143) and should be constructed to maintain their 
resistance unchanged over a long period of time. They should be accurate 
in value, and should be wound with wire such as Manganin, Chromel, Ni- 
chrome, or Constantin, which have very low temperature coefficient of re- 
sistance, so that the resistance does not change appreciably with change of 
temperature. They must be of a wattage rating sufficient to insure cool op- 
eration. Also in connecting a new shunt resistor of a certain value, care 
should be taken to have the connecting wires of low resistance so that 
no appreciable resistance will be added by them. This means that short 
thick copper wires should be used for connection of the shunt to the 
meter and that all connections should be well made. In commercial meters, 
the connecting cables have already been considered as forming a part 
of the shunt resistance, so they should never be altered in any way. 

200. Hot wire ammeters: The heating effect of electric current 
is employed in another form of ammeter called the hot wire ammeter. 
This type of meter is frequently used in radio work, since it will operate 
equally well on direct current, or alternating current of any frequency 
(the heating effect of an electric current being independent of the fre- 
quency). The fundamental arrangement in this form of meter is shown 
at (A) of Fig. 138. 

The platinum wire D C passes around pulley K and is held taut by spring S 
acting on insulating block B. The current to be measured flows only up through the 




Fi* 13S — (A) A form of hot-wire ammeter used for iiieasurin^ small rurreni 
(B) A hot-wire ammeter used for measuring larger Lunenis 


branch C of the wire as shown, and consequently that branch heats up due to the 
passage of current, and lengthens. The slack is taken up by the pull of spring S, 
causing a slight clockwise rotation of the pulley K, which causes arm A (pivoted at K) 
to swing to the left. This arm has two prongs at its lower end, between which a 
silk thread is stretched after looping itself around shaft at the lower end of the 
pointer P. The slight expansion of the wire is thus magnified by the mechanism, 
to that a large scale reading is obtained. 

When large values of current are to be measured, a shunt is provided to divide 
the current flow. An inductive shunt with even one-half turn of wire cannot be 
employed because if the meter is used to measure current at radio frtquenciea (above 
20,000 cycles per second), the impedance of the shunt would vary with 
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each changre of frequency since XL=2jifL. Consequently, hot wire meters for larg^e 
currents are constructed as shown at (B) of Fig. 138. Several resistance wires 
C D, are stretched in parallel between large copper blocks B B. The wire A E 
is attached to wires CD. A silk thread is attached to A E at point K and then 
wound around shaft M, in such a direction that it will work against spring S, 
which would normally cause the pointer to move to the full scale position. How- 
ever, by means of the thread it is normally held in the zero position. When cur- 
rent is flowing through C D it expands, releasing the pull of the thread and allow- 
ing the pointer to move across the scale. The stronger the current, the more the 
wire expands and the further the pointer moves over the scale. 

The type of hot wire ammeter described above is relatively slow in 
its operation and the wire is affected by changes in room temperature and 
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Plf 139 — A portable 0-2 thermo-mllliammeier is. shown at the left At the right is a port- 
able precision type d-c volt -ammeter having three current ranges and three \oltagc 
ranges Its circuit diagram is shown in Fig 145 

has a tendency to stretch when no current is passing through it. This 
makes it necessary to reset the needle to zero almost every time the instru- 
ment is to be used. The divisions on the scale of a hot wire ammeter are 
not uniformly spaced, since the heating effect and movement of the needle 
depends on the square of the current (I-R) flowing through the hot wire. 
The divisions near the zen- end are crowded more than at the high end, 
as shown in the meter at the left of Fig. 139. This type of instrument 
is being largely superseded by instruments operating on the thermo- 
electric principle. This type will now be described. 

201. Thermo-couple instrumenU: In the thermo-couple ammeter 
or galvanometer, the sensitive element is a junction of two dissimilar 
metals. When two dissimilar metals are joined together and the junction 
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heated, a voltage is generated which is proportional to the difference in 
temperature between the heated junction and the other ends of the wires. 

Experiment: The principle of the thermo-couple cmn be illustrated by twist- 
ing together one end of an iron or German-silver wire and one end of a copper 
wire. The other ends of the two wires are connected to a low reading d-c milli- 
ammeter and the twisted joint held over a gas flame. The milliammeter needle 
will move, showing that an e.m.f. and resulting current is produced by heating the 
junction of the two dissimilar metals. If the flame is removed and the junction 
is allowed to cool slowly, the milliammeter reading will drop slowly. 

It is also true that when a current flows across the junction of two 
different metals, some heat is produced. With some combinations of 
metals, this effect is noticeable even with very weak currents. 

Parts (A) and (B) of Fig. 140 show two methods of using the prin- 
ciple of generating an e.m.f. by a thermo-couple, in connection with a 
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(B) 


Kift 140 — The principle of operation of thermo-couple inslrumenti 

<Ai Smffle thermo-couple Instrument for measuring small currepts 

Compound thermo-couple instrument for measuring larger currents 


D'Arsonval movement to measure current of any frequency. These in- 
struments are used more particularly for measuring radio-frequency 
currents. 

The construction shown at (A) is employed where the amount of current to be 
megaured is relatively small, usually not to exceed one half ampere. Two small 
wires of dissimilar metals are electrically welded together at the center. The 
radio-frequency current to be measured, passes in through one wire and out through 
the other, heating the wires and the junction. The remaining ends of the wires 
are .connected through a calibrating resistor to the terminals of the moving coil 
of the instrument. The heating effect of the radio- frequency current passing 
through the junction of the dissimilar wires causes a direct current e.m.f. to be gen- 
erated, which in turn results in a flow of direct current through the movable-coil cir- 
cuit of the instrument, as shown in the illustration. 

The heating effect is proportions! to the square of the radio frequency current 
being measured, whereas the voltage generated across the junction is proportional 
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to the temperature. Therefore, the motion of the pointer over the scale will 
increase approximately proportionally to the square of the radio-frequency current 
passed through the thermo-couple. Because of these factors, the instrument has a 
scale which is crowded at the lower end and more open at the upper end. This makes 
It necessary to purchase instruments of such a capacity that the average current 
to be measured will cause a deflection over the “open part” of the scale. Radio-fre- 
quency ammeters of this type are not especially accurate below a quarter of the full 
scale range, because the divisions are crowded at the lower end. 

Where the radio frequency current to be measured exceeds approximately one 
half ampere, it is customary to use two dissimilar wires connected in parallel as 
far as the radio-frequency is concerned, but connected in series as far as the thermo- 
electric effect IS concerned. This system of connections is shown at (B) of Fig. 
140. The heavy line represents one type of metal and the thin line another. 
Manganin and “Advance” wire are used It will be noted that the voltage produced 
at the junction “A” is in the same direction as the voltage produced by junction 
“B”, and they are in series so far as the d-c path is concerned, so they add together. 
This results m not only a higher thermo-electric voltage, but also much greater 
current-carrying capacity 

Most thermo-couple instruments are designed for a d-c voltage across the 
moving coil at full scale, of between 15 and 25 millivolts. In all cases they are 
calibrated by adjusting a small calibrating resistor connected in series with the 
moving coll 

This permits of re-calibration of the meter without any need for the 
adjustment of the thermo-couple or moving coil. 

The usual difficulty encountered with thermo-couple radio-frequency 
instruments is the burning up of the thermo-couples by current overload. 
This seldom results in any damage being done to the movement and the 
trouble can be corrected simply by replacing the damaged thermo-couple 
with a new one. Most manufacturers of instruments of this type will 
sell the thermo-couples separately so that the customer can make his own 
replacements. They are usually sealed in a vacuum in a glass tube. 

When replacing the thermo-couples, it will usually be necessary to 
adjust the resistor connected in series with the moving coil in order to 
re-calibrate the instrument. Calibration can be made with 60-cycle cur- 
rent, as the reading of the instrument is the same on radio frequencies as 
it is at 60 cycles. 

The range of a thermo-couple instrument can be changed by solder- 
ing a shunt made of a short piece of copper wire across the thermo-couple 
lugs. If it is necessary to double the capacity of the instrument, the 
pointer should be brought to full-scale reading by means of 60-cycle a-c. A 
shunt should then be soldered betw’een the brass block carrying the 
thermo-couple, and adjusted so that the instrument reads one-half the 
full scale value. The current passing through the instrument then wdll be 
represented by the reading of the instrument multiplied by 2. - 

Shunts on radio frequency instruments always should be as short 
as possible, and placed parallel and close to the thermo-couple. If they 
are placed outside the instrument case, the instrument wdll not read 
exactly the same on radio frequencies as it does on low frequencies. 

Thermo-couple instruments can be used in d-c circuits as well as in 
a-c circuits of any frequency. The reading is not altered by the fre- 
quency of the current. 
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202. Direct current voltmeter: A voltmeter is used to measure 
the difference of electric pressure between two points in an electric circuit. 
This difference of electric pressure or potential is commonly called “volt- 
afire" or “voltage drop”. Voltmeters are used extensively in all kinds of 
electrical work, and are always connected “across,” or “in parallel with,” 
the source of voltage. 

If a milliammeter were connected directly across the line, the e.m.f. 
would send a strong current through the fine wire, low resistance, moving 
coil and burn it out. To prevent this, a high fixed resistance is connected 
in series with the moving coil, as shown at (A) of Fig. 142. The milliam- 
meter movement can then be connected across the line in series with this 
resistance and be used to measure voltage, since the current flowing 
through the coil, and therefore the turning force at any instant, is pro- 
portional to the voltage applied across the terminals of the instrument, 

E 

(1= — ). A voltmeter is simply a galvanometer or milliammeter move- 

R 

ment (Fig 141) connected this way 
and having its scale graduated in 
volts instead of milliamperes. When- 
ever space is available the series re- 
sistor is contained within the case 
of the instrument. The series re- 
sistor is considered to be part of the 
voltmeter. Most voltmeters have a 
relatively high resistance, so they 
take a very small current from the 
line. 

Suppose the galvanometer move- 
ment in the voltmeter of (A) in 
Fig. 142 is .so constructed that its 
pointer deflects over the full scale 
when 1 milliampere flows through 
the coil. Let us assume this is to be 
built in the form of a voltmeter hav- 
ing a range of 150 volts. Then 
enough resistance R, mu.st be connected in .series with the coil so that 
when the voltage across the terminals of the meter is 150, exactly 1 
milliampere will be flowing through the resistor and coil, and the pointer 
will be deflected to the end of the .scale. 

By Ohm’s law. E=IxR. 

1 milliampere equals .001 ampere: therefore since E— IxR, 160= 
.001 XR 150 

from which R= =150,000 ohms. 

.001 
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T\m. 141 — A typical W eaion d-c movable- 
coil system when a senes resistor Is added 
to this unit. It becomes a voltmeter (as 
marked). When a shunt is connected across 
Its terminals, it becomes a milliammeter or 
s minster 
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Fig. 142 — Th« general arrangement of a d-c \olmeler In addition to the ba^ic moving co'I 
Rb»eriibly there is i resistor connected in series with the coil This "multiplier ' 
re.sisfor detei mines the range of the meter At (B) is shown the use of a tapped 
multiplier resistor to obtain a voltmeter having two ranges, 75 volts and 150 volts 

up of sections and becomes open-circuited, the open section can usually be 
located and bridged, without the necessity of sending the instrument back 
to the manufacturer. 


It is common to build voltmeters so they have more than one range. 
This is done by simply tapping the series resistor at suitable points for 
the low voltage ranges. Thus in the voltmetet considered above, the total 
series resistor is 150.000 oh. ns. If a tap were made at the center of this 
and brought out as shown at (B) of Fig. 142, a voltage of only 75 volts 
applied between the common terminal and the tap at this 75.000 ohm 

E 75 

section, would send a current of 1= — = =.001 ampere through it, 

R 75,000 

and would produce full-scale defllection. Thus, this would provide a 76-volt 
range for the instrument in addition to the 160-volt range. Three bind- 
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ing posts would be arranged on the instrument as shown. In order to 
have the current flow through the coil in the proper direction, the binding 
post marked + is connected to the positive wire of the line, and either of 
the other posts are connected to the — side of the line. A small push- 
button switch is often provided in portable instruments so that the volt- 
meter circuit may be closed only when the measurement is being taken. 

When using a double-range voltmeter or ammeter, care should be 
taken not to accidentally apply too much voltage or current to the low- 
scale terminals, since burn-out of the moving coil may result. If the volt- 
age or current in the circuit are not known, the high-reading range should 
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F[g 143- L«ft. A multiplier and shunt 
bog which enubleii one to n ftke eirher 
a 4-raniC« milliamm*“ter i»r ;* 4-ranfe 
voltmeter fron^ a sinjcle Inw-readlnf 
milliam meter 

Right. A prerinlon wlre-wiuind multiplier 
renistor for increasing the rang»-8 of 
voltmeters or making oltmeters of any 
di'Bired ranges from mllMammeters 



always be tried first. Then if the reading is less than the hi>?hest value 
of the lower reading- range, that range should be used for the final test 

203. Increasing d-c voltmeter ranges: The range of any volt- 
meter may be increased to any practical limit by inserting a “multiplier*’ 
resistance in series with the voltmeter. The resistances should be of the 
precision type, and permanent in value, as in the case of the resistors used 
for ammeter shunts. A resistor made especially for this purpose is 
shown at the right of Fig. 143. At the left of Fig. 143 is shown a com- 
bined shunt and multiplier box having precision adjustable resistors 
which enable one to make either a milliammeter having four current 
ranges, or a voltmeter having four voltage ranges, from a single low-read- 
ing milliammeter. A multiplier of this type is of considerable value in 
radio test work, in that it does away with the necessity of having a num- 
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ber of milliammeters and voltmeters of different ranges for various tests 
and measurements. 

The customary method of increasing the range of a d-c voltmeter 
is to connect a high resistance in series with it. 

Let R,= resistance of voltmeter in ohms, or, if ohms-per-volt is 
given, then 

R,=ohms-per-voit X original full-scale range of meter, in volts. 
Vi=original full-scale range of meter, in volts. 

Vjrrdesired new maximum range, in volts. 

V, 

then =:N=multiplying factor. 

V, 

R,n= resistance of multiplier to be connected in series with the 
meter, in ohms. 

Then Rn,= (N — l)xR» 

Vj 

The ratio =N is the “multiplying factor” by which any reading 

V, 

on the old voltmeter scale is to be multiplied in order to determine the 
true voltage being measured. 

Problem: The range of a voltmeter having a range of 150 volts and having a re- 
sistance of 150,000 ohms is to be increased to 750 volts. What multi- 
plier resistance must be connected in senes with it? 

Vj 750 

Solution: N=r =; z=5=multiplying factor. 

V, 150 

and R.nr= (N-1) XH»=(5-I)xl50,000r=600.000 ohms. Ans. 

Each reading taken on the voltmeter according to its old scale, must be 
multiplied by 5 to get the true voltage. 

A series resistor properly tapped can be used to provide a number 
of voltage ranges, as shown at (B) of Fig 142. If the resistance of the 
voltmeter R. is not known, it can be found by connecting it across a 
source of potential, within the range of its scale, with a milliammeter con- 
nected in series with it to indicate the current drawn by the meter from 
the line. The resistance of the voltmeter is then equal to 
Reading of the voltmeter (volts) 

X 1.000. 

Reading of the milliammeter (M. A.) 

204. Making d-c voltmeter from milliammeter: A voltmeter is 
simply a galvanometer in which a coil of high resistance is connected in 
series with the moving coil. Therefore it is a simple matter to convert a 
d-c milliammeter into a voltmeter by connecting a resistor of the proper 
value in series with it. To make a d-c milliammeter into a d-c voltmeter r 
Let I=original maximum full-scale range of meter, in milliamperes. 
V=desired full-scale range of meter, in volts. 

R„= resistance of multiplier required, in ohms. 
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1,000 X V 

Then Rm= 

I 

Example: A milliammeter having a current range of one milliampere and a resistance 
of 25 ohms is to be converted into a voltmeter having a range of 750 
volts, by connecting a “multiplier” resistor in series with it. What must 
be the value of this resistor? 

1000 X 760 

Solution: R.zz: —750,000 ohms. Ans. 

I 

It will be noticed that the formula above neglects the resistance of 
the moving* coil, since this is usually very small compared to that of the 
series resistor when high voltage ranges are to be obtained. If the volt- 
meter range is to be below about 10 volts, R,n in the above formula should 
be considered to be equal to the actual resistance of the meter plus that of 
the added multiplier resistance. 

205. High-reaiatance voltmeter. The function of a voltmeter 
is to measure the difference of potential existing between two points in a 
circuit. It should not influence in any way, the circuit or device across 



Fig 144 — (A) Connection of a voitrreter lo the output ( ir« uit of a B-elitrunator 

Middle' A 3-rang^e d-c high reai^tanre voltmeter having a reai^tanre of 1000 ohms 
per volt 

Right. A 2'range a-r voltmeter These insrnjM’prir?i are very u.'^eful m radio tests 
and service work 


which the difference of potential exists. Since every voltmeter w ill draw- 
some current from the circuit across which it is connected, this current 
really puts a load on the circuit or device being measured. If the circuit or 
device has quite some resistance, the meter current flowing through it 
may produce an additional appreciable fall of potential through it. In this 
case, the voltage indicated by the meter, is really lon er than the actual 
voltage which exists across the circuit normally w'hen the meter is not 
connected to it. 

Thus in (A) of p'ig. 144, suppose we are to measure the output voltage across 
the B battery eliminator circuit at A - B. An e m.f. of say 100 volts is applied to 
the circuit by the rectifier tube, and a resistor of 20,000 ohms is in scries with the 
roltege tap we are connecting the voltmeter across. Suppose the voltmeter has a 
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range of 150 volts and a total resistance of 1,000 ohms. The current actually flowing 
through the resistor and the voltmeter may be found by Ohm’s law. Since the 20,000 
ohm resistor and the voltmeter resistance are now in series we have: 

E 

Izi: — =100-^ (20,0004- 1,000)=:. 0048 amperes, or 4.8 milliamperes. 

R 

This current flowing through the 20,000 ohm resistance causes a voltage drop 
across it of E — I xRz=.0048'X’ 20,000—96 volts. 

The voltage actually recorded on the meter then, is the difference between the 
applied circuit voltage and the drop across the 20,000 ohm resistor or, 

Voltage atAB=:E — (IX R)=r 100 — 96 — 4 volts 

Thus the meter is not indicating the true voltage of the circuit, since it is drawing 
so much current from the circuit that the circuit voltage drops wnen ii is connected. 
The meter reads 4 volts, whereas the voltage of this circuit when the meter is not 
connected, is 100 volts. Of course this is an exaggerated case. 

The remedy for this condition is to use a hxgh-resxstance voltmeter, that is, one 
having a high resistance connected in series with its moving coil. Suppose the meter 
has a resistance of 1.000 ohms for each volt range of its scale (1000 ohms per-volt), 
then its total resistance is 150 X 1000 z= 150,000 ohms. The current drawn by such a 
meter from the circuit just considered would be, 

E 

Ii= — —100 — (20,0004 150,000) z=. 0006 amperes, or .6 milliamperes 
R 

and the I x R drop across the circuit resistor is. 

E— I vRrr.n006\"20.000=zl2 volt- 
and the voltage read at \ B would be 100 — 12 — 88 voiis. 

This shows that the high resistance voltmeter gl^es a reading of 88 volts which 
is much nearer the true open-circuit or no-load voltage of 100 volts than before. 

Since a voltmeter having a high resistance takes very little current 
from the line, the meter itself must be very sensitive, that is, it must re- 
quire very little current to move its coil and pointer over full scale de- 
flection. This means that either the permanent magnet must be stronger 
than in the usual meter, or else more turns of wire must be wound on the 
moving coil to obtain the same ampere-turn effect at a smaller value of 
amperes. The latter method is used in ihc construction of high resist- 
ance voltmeters used in radio work T’ne mu\ iiig coil has several layers 
of exceedingly thin copper wire in order to produce the necessary mag- 
netic field strength. Such meters have a resistance as high as 1000 ohms- 
per-volt. The term ohms-per-volt may be understood by considering the 
specific case of a 1000 ohms-per-volt meter having three ranges, 7.5, 160, 
and 750 volts. Then the resistance in sn ios with the 7.5-volt terminal is 
7.5 X 1000 or 7,500 ohms; that in senes with the 150-volt terminal is 
160 X 1000 =*160,000 ohms; that in series with the 750-volt terminal is 
760 X 1000 = 760,000 ohms. 

The "ohms-per-volt” val..e or R,„ is equal to the total resistance R, of 
the meter divided by the maximum voltage E, marked upon the scale 
considered, or 

R. 

Rp,= 

E, 

Voltmeters having a resistance of 1000’ ohms-per-volt are used ex- 
tensively for voltage measurements in radio receiver power packs. A 
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3-scale voltmeter for this purpose is shown at the middle of Fig. 144. Volt- 
meters having an ohms-per-volt value as low as 100 are used in ordinary 
electrical work, since the few milliamperes of current taken by the meter 
is not objectionable here. 

It should be remembered that it is not possible to make a high-re- 
sistance voltmeter of the same range from an ordinary low resistance 
voltmeter by simply connecting a resistance in series with it, for this would 
reduce the current which flows through the meter, and would therefore 
reduce the deflections of the pointer. High-resistance voltmeters are built 
especially for the purpose, more sensitive than the ordinary low-resistance 
type. 

206. Combined voltmeters end ammeters: For certain applica- 
tions, instruments of the movable-coil type are arranged so that the same 
instrument may be used either as a voltmeter or as an ammeter, and 
successive readings of voltage and current may be made with great 
rapidity. Such instruments are called volt-ammeters. 

The instrument shown at the right of Fig. 139 is of triple range for 
both voltage and current, usually designed for a maximum voltage of 150 
volts, with sub-ranges for 15 and 3 volts. The ampere ranges are usually 
30, 15 and 3, or 15, 3 and 1.5 as preferred. Many other combinations are 
obtainable. 


In order to obtain a clear idea of the general layout of one of these instruments, 
a connection diagram is shown in P'isr 145. The shunts are in senes with each other, 


and are connected in multiple with the 
button. When connected in the line, only 



Pla- HS — Circuit arrantenient of the Wes- 
ton model 280 volt -ammeter shown at ths 
riahC of Fig 139 Three voltaae ranaes and 
three current rana*s are provided. 


movable coil through a resistor and a push- 
a small part of the current flows through the 
movable coil, but the pointer indicates the 
total current, because the current flowing 
through the movable coil is always an exact 
fraction of the total current, and there- 
fore, the scale is calibrated to indicate this 
total current which is being measured. 

If the proper voltage range is con- 
nected across the line and the button is 
pressed, the mam current continues to flow 
through the shunts, but the pointer no 
longe** indicates amperes because the mov- 
able coil circuit to the shuiHts is opened, 
and when the button is fully depressed the 
movable coil will form pari of the voltage 
circuit 

Since a correctly adjusted non induc- 
tive resistor is connected with each voltage 
range, the one in use will indicate volts, 
because the current which will flow de- 
pends upon the voltage of the circuit. This 
ln’^t^ument may. therefore, be u.sed to give 
volt and ampere indications in practically 
mstantaneou.s succession as the button is 
pressed and released. 


Instead of having a single hundred and fifty volt resistor tapped at the proper 
resistances for each of the lower ranges, as previously explained, there are three 
separate resistors each capable of taking care of the voltage designated on their re- 
•pcctive terminals. With this arrangement, if one of the resistors should become 
damaged, it will not affect the operation of the instrument on the other ranges. 
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When a separate shunt or series multiplier resistor is used to extend 
the ranjce of a meter it is important to use accurate seasoned resistors 
desijj^ned for the purpose. The maximum per cent error in any case, is 
the sum of the per cent error of the movin^^ element and the per cent 
error in the resistance used. A movinj^ element that is accurate to say 
2 per cent would never be more accurate than this no matter how accurate 
the multiplier is made. On the other hand, if the meter is of an expensive 
type ha\inK a moving element with a high degree of accuracy, a very 
accurate multiplier should be used. If closer accuracies than one per cent 
are required, it should be specified that the resistors which are provided, 
should be accurate to better than I 2 Per cent. 

P'ortunately, special wire-wound resistors of an accuracy of one per 
cent and less are now' available commercially, as contrasted with the 
wider tolerances of ten per cent and more of ordinary commercial re- 
si.stors. Furthermore, these resi.stors are thoroughly seasoned. That is, 
they have been aged so that no resistance changes over a period of 
time due to easing up of the molecular strains caused in the wire by the 
tension applied during winding will occur. A wire^wound resistor of this 
type is shown at the right of Fig. 143. 

These perfected wdre-wound resistors now make it possible to con- 
vert meters into multi-range instruments with every assurance of accur- 
ate reading, on all the ranges. 

207. Wattmeters: In a direct current circuit, the electrical power 
in watts expended in the circuit, is equal to the voltage multiplied by the 
current in amperes. These factors can be determined simply by con- 
necting an ammeter in series with, and a voltmeter across, a d-c circuit 
and Uiking the readings. Thus, suppose the ammeter reads 5 amperes 
and the voltmeter reads 110 volts: the power in watts will equal 
VVz_E\I 110\5- 550 watts. 

In an alternating current circuit, the power is given by.ExI only 
if the apparatus connected in the circuit is purely resistive in character. 
If the apparatus is inductive or capacitive (excepting in the case of 
resonance) the power factor (cos 6) must be considered, and the true 
power in watts wdll be equal to E X I X Cos 8, where E X I gives the 
apporent power. 

The power in either an alternating current circuit or a direct cur- 
rent circuit can be measured directly by a wattmeter. This automatic- 
ally multiplies the volts and amperes together and indicates directly the 
instantaneous value of the true power in either kind of circuit, regard- 
less of the power factor. The wattmeter iS really a combination of two 
instruments in one, a voltmeter and an ammeter. 

As shown at the lok of Fig. 146, two coils are Msed; one is called the voltage 01 
potential coil, and the other the current or senes coil. The current coil is fixed in 
position since it is wound with heavy wire, and is connected in series with one side 
of the line just as an ammeter would be connected. The .oltage or potential coil is 
connect^ across the circuit just as a voltmeter would be connected, and is mounted 
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inside the current coil on jewelled bearings, so it can move freely. The pointer P 
which moves over a suitably calibrated scale for reading, is fastened to the movable- 
coil. 

The current coil A- A is wound with heavy wire, so as to offer very low 
resistance to the passage of the line current through it. The ends of this coil 
are brought out to two large binding posts D D. The movable coil B is the voltage 
coil, and is connected across the line through the high non-inductive senes resistance 
R, and out to the two small, voltage binding posts, E E The winding of coil B con- 
sists of a few turns of very fine insulated wire The control springs C C serve as 
conductors for current to and from the moving coil, they also keep the pointer at 
zero when there is no current flowing, and oppose the movement of the coil when 
there is current. The pointer is provided with a threaded extension at the non-indi 
catii^ end and is fitted with a balancing nut which counter balances its weight. 

The magnetic field or force produced by the stationary current coils is proper 
tional to the current flowing through these coils and the mam circuit The magnetic 



Fif. 146 — Left: Construrtion features of an indi'alinK waltrrpiei ntifl method of i onnticting 
It in a circuit 

Right: An interior view of a waitni**fer wiih **nclo.s ng rane reTno\ed The v.-inous 
am p.Mis nrfk labeled to < orresp«>nd w th the diagiaiM at the it*ft 


field or force produced by the moving voltage coil is proportional to the difference 
of potential applied to the potential-coil terminals of the instrument; this is the 
voltage of the circuit to which the meter is connected. The combined action of the 
poles of these two magnetic fluxes, one proportional to the current in the circuit, 
and the other proportional to rhe voltage, lends t'» turn the mnvaule coil clo<kwise. 
the total turning effort at every instant being proportional to the product of the 
iriMtantaneouM current and voltage, or to the watts. At the point of reading, the torque 
due to the magnetic action is balanced by the counter torque of the control springs, 
and the pointer and scale indicate the watt.s corresponding to the load on the circuit. 
The instrument may be used either on alternating or direct current circuits, since on 
a.c. the current in both the current and the voltage coils reverses at every alternation 
so the resultant direction of attraction between the poles of the coils remains the 
same. The student .should prove this for himself by drawing the two coils and work- 
ing out the direction of attraction first when the current flows through them one way 
and then when the currents in both are reversed. A wattmeter with enclosing case 
removed is shown at the right of Fig. 146 . 

Care must be taken to see that a wattmeter is not connected in a 
circuit carrying either a current or a voltage value above the maximum 
current and voltage rating of the wattmeter, for overheating or possible 
burnout of the coils will result. For example, on a particular 1600-watt 
instrument the maximum current rating is say 10 amperes and the maxim- 






ELECTRICAL MEASURING INSTRUMENTS 


295 


um voltage rating is 150 volts. If this instrument were connected in a cir- 
cuit in which 20 amperes were flowing and an e.m.f. of 50 volts existed, 
the current-coil of the meter would be overloaded even though the meter 
would be indicating only 50 X 20 = 1,000 watts. 

Also, since the voltage-coil takes some current and power from the 
circuit, in order that the instrument will not indicate these watts in ad- 
dition to the circuit load, the voltage-coil should be connected to the circuit 
on the incoming side of the current-coil connections, as shown at (A). 
Then the current in the voltage coil will not pass through the current coil 
as may be seen by tracing the arrows indicating the current flow in these 
two coils Wattmeters of the type mentioned above are sometimes called 
indicating u'attmeters. 

208. Recording watt-hour meter: The consumption of electrical 
energy is paid for and based upon the kilowatts (1 kilowatt= 1,000 watts) 
multiplied by the number of hours. To measure by means of a watt- 
meter, the electrical energy in watt-hours supplied to a device, it would 
be necessary to multiply the average of a number of watt readings taken 
during a given time, by that time expre.ssed in hours. As its name im- 
plies, the recording watt-hour meter gives the total watt-hour consump- 
tion of energy directly, since it automatically multiplies the average of the 
instantaneous wattage indications by the time. 

The recording watt-hour meter really consists of a simple type of electric motor 
driven by the electric energy which it is to measure (which is arranged to flow through 
it); its speed of rotation at any instant is proportional to the power in watts flowing 
through it and delivered to the power consuming device at that instant. By means 
of a train of gears and suitable dials, the total revolutions made by the motor over a 
period of time are added up and recorded, so that the total watts or kilowatts which 
nave passed through the meter on the way to the device consuming the electrical 
power during that time, is recorded. Usually four dials are arranged to give the 
readings, one dial giving the units, the next one the tens, etc., just as on an ordinary 
gas-meter. The unit upon which the measurement is based and made, is usually mark- 
ed on the dial-face, and would be watt-hours or kilowatt-hours. 

Watt-hour meter readings are additive, so to find the amount of 
electrical power consumed during any interval of time, it is necessary 
to subtract the reading at the beginning of the period from that indicated 
at the end. 

209. Power consumption test of radio receivers:. If the power 

consumed by a device is to be ascertained by a short test during which 
the dials of the watt-hour meter would not move much, it may be found 
by accurately measuring with a watch, the time in minutes it takes for 
the aluminum disc in the meter (watching the black line on the disc) 
to make say 100 revolutions, then multiply the number of revolutions 
found, by the “constant” of the meter and by 60 and divide by the num- 
ber of minutes during which the test was run. This will give the watt- 
hour consumption of the device for each hour. The meter constant "K" 
is the multiplying factor by w'hich each revolution of the disc must be 
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multiplied to find the corresponding average watts which have passed 
through the watt-hour meter during the revolution. The “constant” is 
usually marked on the aluminum disc of the meter or on the name plate, 
and varies for different types and sizes of meters. 

This method is often used to check the watt-hour consumption of 
radio receivers installed in homes, in order to find out the cost of the 
electrical power consumed by the receiver for each hour of operation. 
As the watt-hour meter already installed in the home by the electric light 
company may be used, no additional meter is necessary. The same method 
may be used for checking the power consumption of hou.sehold electrical 
devices. 

Example: A power consumption test is run on a radio receiver. The watt-hour meter 
disc makes 30 revolutions in 10 minutes, and the constant K, of the meter 
used is 0.6 watts. If power is supplied by the electric light company for 10 
cents per K.W -hour, how much does it cost to run the radio receiver for 
one hour? 

/ 30 X 0.6 y 60 \ 

Solution: K. W. hours ^ j — 1000 =: 0 108 K W hours 

Therefore. 0.108 y $0 10 m SO. 01 per hour. Ans. 

Watt-hour meters are often used to measure the total amount of 
electric power sent into storage batteries during charging. Of course 
they are also used by electric light and power companies to record the 
total amount of electric power used by each customer during the month. 

210. A-C meters: The D’Arsonval ammeters and voltmeters 
thus far discussed have been of the magnetic type which are employed in 
direct current circuits. This type of meter will not function when con- 
nected in an alternating current circuit, because during one alternation 
the current would flow through the coil in one direction and the poles 
produced would tend to deflect the coil in one direction, and on the follow- 
ing alternation the current and poles would be reversed and would there- 
fore tend to deflect it in the opposite direction. These alternations fol- 
low one another so rapidly that the moving element in tending to obey 
one impulse is almost immediately cau.sed to move in the opposite direc- 
tion by the next impulse, with the result that the indicating needle re- 
mains practically stationary, trembling slightly at the zero position. Since 
permanent magnet in.struments cannot be used to measure alternating 
currents, they are generally called dirrrt current instrumfuts. 

We have already seen that hot-wire and thermo-couple ammeters 
and milliammeters can be used to measure a-c as well as d-c but they 
are used mostly in circuits carrying radio-frequency currents. There are 
two main types of meters u.sed in ordinary commercial low-frequency 
measurements. They are. the Thompson inclined-coil type and the Wes- 
ton movable-iroi. type. 
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211. Thompaon A-C ammeter: The Thompson inclined coil 

meter manufactured by the General Electric Company is shown at (A) 
of Fig. 147. 

The inclined coil C throug^h which the current passes, is shown in cross-section. 
It is mounted with the axis inclined to the horizontal. In the center of the coil is a 
vertical shaft mounted in jewel bearings and controlled by fine flat hair-springs S S. 
The shaft carries a light pointer at its upper end. At the center of the shaft is a vane 
of soft iron A, obliquely mounted. 

When no current flows through coil C, the hair-springs keep it at the zero position, 
and the iron vane lies nearly at right angles to the axis of the coil at position “A”. 
When current is passed through the coil the iron vane tends to turn so that the lines 
of force passing through it are parallel to the lines of force passing through the center 
of the coil as shown by the dotted line position “B". This turning of the vane and 
shaft against the action of the hair-springs, causes the pointer P, to move across the 
graduated scale from which the reading is obtained. 

The coils for larpfc sizes of instruments are generally wound with a 
few turns of flat insulated copper ribbon having a very low resistance. 




Kir 147 'Ai Thompson in<'lin<‘d roil a-< in.’itrumenl The iron vane po.sition marked "A” 
IS slantinR toward the ha« k from top to bottom 
(Hi Wfston oo'.aMe non a-o nstrumenl 

When alternating current flows through the coil, the lines of force through 
it will be rapidly changing in direction. Since the vane is of soft iron, and 
will tend to line itself up with the lines of force of the coil whether they 
go up through the coil or down through it, this type of instrument can be 
used for either direct or low-frequency (60 cycles or so) alternating cur- 
rent. This type of instrument does not have a uniform scale, the divisions 
at the lower end being more crowded than at the upper end. 

212. Weston movable-iron a-c meters: The instruments made 
by the We.ston Electrical Instrument Company primarily for measuring 
alternating currents and alternating e.m.f.’s, are also of the “moving- 
iron” type, but are so constructed that many of the defects of other solen- 
oidal types have been eliminated. 

The stHtutnary coil of these inslrumonls is w^und with a few turns of heavy 
copper wire or strip when the instrument is to be used as an ammeter. In this case 
the coil IS merely ronnev'‘ted m senes with the circuit. When the meter is to be used 
as a voltmeter, the coil consists of a large number of turns of fine wire, and con- 
nected m series with this Coil, is an accurately adjusted high resistance. As shown at 
(B) of Fig. 147, the moving armature M. which lies in the center of the coil C, con- 
sists of a small piece of soft iron, semi-circular in shape, secured to a vertical shaft 
which rest in accurately fitted jewel bearings. A pointer P of truss construction and 


of the she 
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iron laminations to shield them from stray external magnetic fields which 
would cause an appreciable change in their readings, since the iron arma- 
ture moves in a comparitively weak field inside the coil. Movable-iron 
type voltmeters are not as sensitive as d-c voltmeters, that is, they re- 
quire more current in the field coil to produce movement of the pointer, 
since the magnetic field is practically all in air. Consequently, they draw 
more current from the line. Movable-iron type instruments have a 
non-uniform scale which is closely spaced near the bottom' and much 
more open near the upper end as shown on the meter at the right of 
Fig. 148. When instruments of this type are being purchased, care should 
be taken that their range is such that the values to be measured come in 

\ . 


Fig I4‘»- L«ft: Princ'ple (»f the electro- 
dynamometer type of .fn a-c instru-i em 

Right We.atnn elt*t trn-d\ narrometer type of a-c in*itruTxent with fixed and movable coils 

the open part of the scale rather than near the lower end where it is 
difficult to read the instrument accurately. 

213. Electro-dynamometer a-c voltmeter: Some types of alter- 
nating current \olimetors o]^erate on the electro-dynamometer principle. 

The fixed coils F F at the left of Fi^r. 149 are wound with fine wire and are connected 
in series with the movable coil M The majrnetic poles produced on coils F F attract 
those produced on movable coil M and tend to turn it around, carrying: the pointer with 
It. A hiifh non-inductive resistance R connected in senes with the dynamometer to 
limit the current when the instrument is connected across? the line The current pass- 
inff throuj^h the instrument is therefure proportional to the voltage of the line it is 
connected across. As the deflectnms are nearly proportional to the square of the cur- 
rent flowing through, the scale is »,on-uniform, being crowded at the lower end. The 
mam parts of an actual nietur of this type together with the assembled unit are 
shown at the right of Fig. 149 

The dynamometer-ty pe of voltmeter takes about 5 times as much current from 
the line as a d-c voltmeter of similar rating and consumes a comparitively appreciable 
amount of power. As the moving coil moves in a comparitively weak field due to the 
fact that the magnetic field is entirely ir air. this type of instrument is very suscep- 
tible to stray magnetic fields and should not be brought *^00 near current-carrying 
wires, magnetic apparatus, etc. The instrument may of course be used for measuring 
direct current as well as for measuring alternating current. 






800 


RADIO PHYSICS COURSE 


Owing to the difficulty of leading a heavy current into a moving coil, 
dynamometer ammeters are not commonly made. It is not practical to 
use a shunt as in the case of the D’Arsonval type d-c ammeter, because 
alternating currents divide inversely as the circuit impedances. Unless 
the ratio of inductance to resistance were the same in the shunt as in 
the moving coil, the instrument would be correct at only one frequency, 
since the impedances of the shunt and moving coil would vary differently 
with change of frequency. It is for this reason that multiplier resistances 
are seldom used for increasing the range of alternating current volt- 
meters or ammeters unless they are to be used only in circuits of a single 
definite frequency. Dynamometer type instruments in which these diffi- 
culties are partly overcome are available, but the movable-iron type of 
instrument is so much simpler and less expensive, that the dynamometer 
type is used very little. 

214. Dry plate rectifiers, and copper-oxide rectifier type meters: 

In many alternating current measurements commonly made in radio work 
it is of utmost importance that the measuring instrument used require 
very little current or power for its operation. An instance of this is in 
the measurement of the ouput signal-voltages of a radio receiver. If an or- 
dinary a-c voltmeter were connected across the output terminals of the 
set. it would absorb a comparitively large proportion of the power avail- 
able and the reading obtained would be far from accurate. The measure- 
ment of the alternating voltages and currents in these circuits is not al- 
ways readily accomplished, as the necessary instruments are too sluggish 
in their movement, or require too much power for their operation. Ther- 
mocouple instruments have the first two disadvantages, moving-iron in- 
struments have the last two, and dynamometer instruments have the first 
and last drawbacks. 

In general, a-c meters are more sluggish than d-c meters and require 
a great deal more power to operate them. This last drawback is a very 
serious one in radio measurements, for it often happens that more power 
is required to swing the meter’s needle than is available in the circuit 
being studied. We are accustomed to d-c voltmeters requiring only 1 
milliampere to produce a full-.scale deflection (sensitivity of 1000 ohms 
per volt) and know that a voltmeter consuming 10 milliamperes has a 
limited usefulne.ss in most radio measurements. On the other hand, a-c 
voltmeters of the moving-iron and dynamometer types generally require 
from 15 to 100 ma. in the higher ranges and from 100 to 500 ma. in the 
lower ranges. The power consumption is usually .several watts! Even 
the expensive and fragile thermocouple instruments require 10 ma. to 
produce a full-scale deflection. 

The advantages of the low current drain of sensitive d-c in.struments 
can be retained for measuring low a-c voltages and currents by using a 
suitable sensitive D’Arsonval type d-c instrument in connection with a 
copper-oxide type rectifier. 
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A rectifier is a device which offers a high resistance to the flow of 
current through it in one direction, and a comparitively low’ resistance 
to the flow of current through it in the opposite direction. Thus if an 
alternating voltage is applied to the terminals of a rectifier, current can 
flow through it only in one direction, so the current is a pulsating direct 
current. Hence we say the a-c is rectified to d-c. Several forms of 
rectifiers have been developed, but the most suitable, simple and inexpen- 
sive one yet found for use in rectifier instruments is known as the 
copper-oxide dry-contact rectifier. We must digress from our study of 
meters at this point to take up the study of dry plate rectifiers so that 
we may understand their op(u*ation and connections in these meters, 

T>pes of Rectifiers: Dry-contact rectifiers include a wide assortment of devices 
\\hich. thf)UKh similar in structure, operate on various piinciples All of them com- 
prise a junction oetween two dissimilar substanct*s. jfenerally a metal and a crystalline 



Kiic 15'‘ <AI A el«>rn«inf of .1 cupric sulphide type of dry-plate rectifier (Bi A single 

e'.iMiient of a ( opper oxidf tvpe dry-plate rectifier 

Right A cupnr «<ulphide type rectifier ,'irranged for full-wa\e rectification and de- 
Mgrn fl for an outpu' t'aiiat'ity of 1 to 9 amps at 8 to 12 \oits This is employed 
iM e i ei' f ro - d y na ri ic ud speakers, to furnish d-c current for the field coils from 
the 110 \ a-c electric light line 


metallic palt which is electrically conductive. The junction offers a low resistance to 
the flow of I iirrent from the crystalline metallic .salt to the other metal and a high 
resistance in the flow of current in the reverse direction. The detailed modes of 
operation of these devices are complex and arc not thoroughly understood, but in gen- 
eral they involve the formation of thin films at the junction of the surfaces, in which 
the molecules are so oriented (^r "polarizc^i that the transfer of electrons in one direc- 
tion requires much less work than a similar transfer in the opposite direction. In some 
cases the conduction is m«*tallic iri nature, 1 e , no decomposition of the conductor occurs 
(such as in the copper-oxide unit) whereas in other cases electrolytic conduction occurs, 
i.e., the conductor itself is decompo-^ed by the passage of current and new chemical 
products appear at the electrodes (such as in the cupric sulphide unit). 

r*rohably the oldest dry-contat rectifier is the humble crystal detector. Although 
this device can handle only very minute currents and voltages, its efficiency is high and 
Its output wave-form good. Operating in much the same fashion, commercial devices 
are now available which will handle considerable pi wer Two main types are popular 
at present the aluminum (or magnesium) copper .sulphide valve, such as the Elkon and 
Benwood-bmze devices, and the copper-cuprous oxide valve, such as the Rectox and 


Kuprox units. 

In the former, each element consists of a disc of cupric sulphide held in con- 
Uct with a disc of magnesium-aluminum alloy under a pressure of about 200 pounds 
per square inch as shown at (A) of Fig. 150. Current cm flow easily only from 
the «pric sulphide disc to the magnesium disc. In the copper oxide type shown in 
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(B), each element consists of a disc of copper oxide held in contact with one of cop- 
per. Lead washers between the brass terminal plates serve to produce uniform press- 
ure over the entire surface of the copper oxide and copper discs. Current flows 
easily from the copper oxide to the copper, but not in the reverse direction 

In general, contact rectifiers are simple in construction and have a high efficiency. 
All contact rectifiers, however, suffer from the fact that their characteristic‘s vaiy with 
the condition of the contact surfaces and wdth the pre>sure upon these surfaces. In 
the cupric sulphide type of rectifier this fact is most noticeable, inasmuch as the 
rectifying junction is at the contact between two separate bodies of material. A 
change in pressure will change the area of contact between these dissimilar bodies 
and will also affect the nature of any absorbed gas film on the surfaces In the case 
of the copper oxide device, the rectifying action takes place in the interior of a disc, 
at the interface between the mother copper and the cuprous oxide formed chemically 
thereon. Thus a complete rectifying element 12 . made up of only one physical body 
and the active junction that is formed during the manufacturing process is not altered 
subsequently by pressure, abrasion, corrosion 01 the like Pre^^uie affect the 

copper oxide rectifier, however, insofar as it determines the resistance ot the contact 
made between the external conductor and the cry^»taIlIne copper oxule surface In 
sufficient pressure will cause a high resistance joint between the rectifying element 
Itself and the connection thereto, thus increasing the resi>tance in the current flow 
direction and decreasing output and efficiency The Kuprox unit is a iiveti’d assembly 
and no adjustment of pressure can be made, but the other units are of bolted construc- 
tion and their outputs can often be improved by tightening up the bolts and thus 
increasing the pressure on the elements. 

Contact rectifiers resemble electrolytic rectifiers m possessing a definite break- 
down voltage and breakdown temperature If either critical value be exceeded, the 
rectifier will pass current freely in both directinn**' After the unit cooN dow'n. or 
after the high voltage is removed, it will immediately function again much *as if it had 
never been overloaded. Rectox rectifiers have been broken down in this way ten time's 
in succession without showing any permanent ill ♦•ffects 

Contact rectifiers, furthermore, all show leakage. Like the ekrtiolytic lectitier. 
this leakage increases rapidly with temperature and t(' a certain exti nt wuh the age 
of the unit. For this reason it is extremely important that such d vi. e^ be adequately 
ventilated; the unit itself should not operate appreciably above liO IbO F The leakage 
current in a Rectox full-wave unit charging a 6-volt .storage battery will be 2 6 milli 
amperes at 70 F., 15-25 milliamperes at 90 F , and bO-lOO milliamperes at 1 10 F 
A peculiar leakage phenomenon i.s demonstrated by some copper sulphnle r*^ctifiers 
which show markedly increa.sing leakage current in both diiertions If the rectifier 
output be short-circuited for a time, the threads will burn off, the leakage will be 
greatly reduced and the output and efficiency will be impioM d 

Contact rectifiers have one other pecularity in common with electrolytic rectifiers, 
namely, that the completeness of rectification i.s affected strongly by current density 
or, what is similar, by the voltage applied to a given unit In the contact rectifier this 
does not come about as a result of capacity effects but rather because the ratio of 
“closed” and “open” resistances depends upon the voltage applied. This means that 
any given design of rectifier requires a certain minimum current to cause the rectifier 
to function properly. For a copper-oxide rectifier the minimum density is about 50 ma 
per square inch and the normal density 200-500 ma per sfiuare inch The Rectox 
rectifier unit has an efficiency of 60^;^. The breakdown voltage is about 11 volts a-c 
per disc and the critical temperature about 160’ F. The life is probably the greatest 
of any commercial low-power rectifier and is measured in years. When higher 
voltages of alternating current are to be rectified or converted into pulsating direct 
current it is necessary to connect a number of units in series, a.s shown in the dry-plate 
rectifier unit at the right of Fig. 150. A suitable clamp or bolt supplies the pressure 
for the di.scs. The metal radiating discs serve to separate the various cells and to 
conduct away the excess heat. 

The copper-oxide unit is claimed to have a rectifying ratio of 10.000 in one 
direction to 1 in the other, as compared to a 76-to-one ratio which is ascribed to the 
copper sulphide unit. 

Coniicctioii of rectifiers for half-wave rectification: There are several different 
methods of connecting rectifiers, the choice of method being governed by the char- 
acteristics of the rectifier and the load. 

The simplest form of rectifier circuit is the single-phase, or half-wave circuit 
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shown in (A) of Fig. 151. In this circuit, the rectifier is merely connected in series 
with the supply transformer and the load. The flow of current through the rectifier 
unit itself is in the direction indicated by the arrow-head which symbolizes the copper 
oxide (or the cupric sulphide) plate of one of the elements; the direction of the direct 
current through the load is shown by the arrow adjacent to the load resistance in 
the sketch. When the top of the transformer secondary is positive, current flows 
through the rectifier and load and back to the bottom of the winding. When the 
bottom IS positive no current flows until the polarity of the transformer secondary 
again reverses. The load current is therefore a series of intermittent current pulses. 

In this circuit the rectifier unit must carry the entire load current, and during 
the no-current part of each cycle it must withstand the peak voltage of the transformer 
plus the voltage across the load. Since current gets through the rectifier only during one 
alternation for each wave or cycle, this arrangement is called a half-wave rectifier. 
The rectified wave is sho\^n at (D) of F’lg. 151. 

Connection for full-wave rectifier: If it is desired to have a more “smooth” output 
current than is produced by the above arrangement, or if better regulation of output 
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151 — Various rei tifler and circuit arranaenienta employed for half-wave and full-wave rec- 
iiflcation of a-c current to puljsating d-c current A piactical fun-wa\e dry-plate 
rectifier airnnaen.ent de.^igned to furnish the d-c current to the field magnet coll 
of an »*lecf ro-dynamic type loud speaker is shown at (E). 


voltage with load current is necessary, then two or more rectifiers may be connected 
so that both halves of the a-c wave are utilized, one rectifier filling in the gaps in the 
output of the dther. One of the ol ’pst of such full-wave circuits is the “Graetz Bridge'* 
or “4-ceII bridge" shown in (B). Here, four rectifiers are connected in series in a 
closed loop. Each half of the loop is made up of two units connected in the same 
direction, but the two halves of the loop are oppo' ed to one another. The two junc- 
tions of unlike elements form the a-c input terminals, while the two junctions of like 
elements form the d-c output terminals. In the sketch, when the top of the trans- 
former secondary is positive, the current flows through the upper left unit, through 
the load, and thence thniugh the lower right unit to the bottom of the secondary 
Current is prevented from flowing in the opposite direction by the upper right-hand 
unit. When the polarity reverses and the bottom of the secondary becomes positive, 
the current flows through the low^er left unit, through the load, and thence through 
the upper right unit back to the transformer. The output of such a rectifier will 
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resemble the output of two of the half-wave rectifiers described in the preceding 
paragraph, one being shifted a half cycle relative to the other as shown at (IJ). In 
this circuit any given unit carries only one-half of the total load current, although 
this current must pass through two units in senes. In the closed valve position, one 
unit must withstand the peak transformer voltage plus half the load voltage. This 
arrangement is the one commonly used in full-wave rectifiers of this type employed 
in radio receivers. At (E) is shown the actual connections of such a lectifier arrange- 
ment designed to furnish d-c current to the field coil of an electro-dynamic type 
loudspeaker from the 110 volt a-c electric light lines. An electrolytic condenser C of 
from 12 to 2000 mfd. flow voltage dry type) i> usually connected across the field to 
form a filter which effectively smooths out the ripples m the rectifier curient. 

Another full-wave connection is the bi -phase or "split-seiondary” circuit shown 
in (C). In this common hookup, the transforinei is wouml for twice the desired voltage 
and a rectifier is placed in each leg of the tiansformer output, the two rectifiers 
facing in the same direction The load is connected between the center tap of the 
transformer secondary and the common ^‘onnection of the two rectifiers In the 
sketch, when the top of the secondaiy is positive, no current can flow because the 
upper unit is closed However. th<‘ ccntei nf the sec«)ndaiy is also positive with 
respect to the bottom of the secMndary. so curient flows through the load, through 
the lower unit and l)ack to the bottoin of the transformer, only the lower half of 
the winding being active. Sinularly. when the bottom of the secondary becomes posi 
tive It is rendered inactive iiy the lowei unit, while the upper half becomes active, 
current flowing through the load and upper unit. Thus this connection achieves with 
two units the same output wave that wa.s obtained by the circuit of “B"’ from four 
units, though with different conditions prevailing in the rectifier circuit. In this 
circuit each unit carries on»* half of the load current and that load current flows 
through only one unit at a time In the closed valve position, however, each unit 
must withstand the peak of the total transformer voltage plus the load voltage The 
total transformer voltage is twice the voltage which is useful at any given instant in 
the circuit. Since the peak voltage of one side of the transformer is nearly one and 
one-half times the “effective” or “r m.s.” voltage, and since twice this voltage is applied 
to the unit plus the load voltage (which is generally nearly equal to the effective 
voltage of one side of the transformer), it follows that each rectifier unit must with- 
.stand approximately four times the output load voltage. This consideration is very 
important and limits the use of this circuit to rectifiers who.se breakdown voltage is 
sufficiently high to permit safe operation under such conditions The thermionic tube 
and the mercury arc are in general best suited for use in this circuit 

Havingr studied the action and connections of dry-plate rectifiers, we 
can now proceed with our study of the copper oxide rectifier type of 
electrical measuring instruments which have lately come into popular use. 
In these instruments, a small copper oxide rectifier is built into the in- 
strument case and is employed to rectify the alternating current applied 
to the instrument. The resulting pulsating unidirectional current is 
sent to a sensitive moving-coil type of d-c milliammeter, (see Art. 196), 
as shown in the detailed connection diagram at (C) of Fig. 152. A simple 
full-wave copper oxide rectifier is employed. If current is to be measured 
with this arrangement, the terminals of the complete instrument are con- 
nected in series with one side of the line (the usual connection for am- 
meters), as shown at (A). If voltage is to be measured instead of cur- 
rent, the milliammeter u.sed is of very low range and a multiplier resistor 
R, (see Arts. 202 and 204). is connected in series with the a-c terminals 
of the rectifier, as shown at (B). This type of meter is very useful since 
it can be used for measurements on both a-c and d-c circuits if suitdble 
switching arrangements are provided for switching the rectifier in or 
out of the circuit at will. 

A 3-inch diameter rectifier type a-c voltmeter with a range of 0-3 
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volts is shown at the right of Fig. 163. This has a resistance of 1000 
ohms-per-volt. Notice its typical d-c movable-coil type movement. 

Since the output of the rectifier is a pulsating direct current, as shown 
at the bottom of (D) of Fig. 151, the d-c meter will read the average 
value of the pulsating rectified current applied to it. A dry rectifier used 
in this service is so nearly ideal that the maximum and average values of 
the rectified current are the same as those of the a-c current. Therefore 
the meter will read the average value of the a-c current or voltage, which 
is e(iuival<*nt to the effective value X .901. If a meter of this type is 
made up by the student, he should remember that the d-c meter reads 90 % 
of the true alternating current flowing in the external circuit, and there- 

1 

fore he must multiply all readings by or 1.11 to obtain the true ef- 

.901 

fective value of the a-c. In meters sold commercially, the scale is already 
calibrated to read the true effective value of the a-c. Meters of this type 
are shown in Fig. 153. 

Due to the fact that this constant proportionality exists between the 
reading of the d-c meter and the a-c input, the scale of the resultant 



Kiir \ii2 - (A) The ronneotion of the reclifler unit to the d-c meter movement, in a rectifier 
type B-c inillianimeter 

(I^) The ronne' lion of the rectifier, nniltiplier rc stor, and d-c meter movement in 
.1 lectifuT ivpe a-f voltmeter 

((') Thi- detailed connections of the parts of the full-wave rectifier unit to the 
f)-« fTie'er nn)\ement in n rectifier type Instrument. 

(D) Interior connections of all the parts of the copper oxide rectifier-type output 

M.et.r shown .it the left of Fi^ 153 The shunt and series resistors are so ar- 

riMK'd that the o\rrall Impedance of the entire instrument is constant at 4000 

ohms, for all ranK<*? 

meter is practically uniform rather than being of the inconvenient “square 
law” type (crowded at the h wer end) found in other types of a-c meters. 

Up to 35,000 cycles per second the instrument indications of the usual 
type of copper oxide rectifier meter decrea.se at a substantially uniform 
rate of approximately > .j of 1 per cent for each 1000 cycle increase in 
frequency. For example, at 4000 cycles per second the instrument would 
indicate 4 X ¥ 2 . -- 2 per cent low. This correction may be applied when 
very accurate measurements are to be made. 

Since the commercial rectifier instruments are calibrated with cur- 
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rents or voltages having a sinusoidal wave-form, the scale reads r.m.s. 
or effective values. It is obvious, therefore, that the instrument indicates 
correctly only if the currents or voltages measured have sine-wave shapes. 
For other wave-shapes, errors of varying magnitudes will result, the 
amount of error depend^ upon the variation from the true sine-wave shape. 

A useful adaption of the rectifier instrument principle is shown at 
(D) of Fig. 152 and at the left of Fig. 153. This is a so-called “output 
meter” for measuring the signal output voltages of radio receivers and 
public-address amplifiers. The method of measurement is to feed the 
output of the set to a load resistance and measure the voltage drop pro- 
duced across this resistor. The scale is calibrated in volts. 

This complete instrument consists of a 5-range copper oxide recti- 
fier type voltmeter enclosed in a Bakelite case Voltage ranges of 1.5, 
6. 15. 60 and 150 volts are obtained by the dual selector switch. When 
one side connects more and more resistance (sections 1, 3, 4) in shunt 

with the entire meter for the lower ranges, the other side automatically 
connects proper values of resistance (sections 5. 6, 7. 8) in series with 
the entire meter at the same time. These resistances are so proportioned 




Co\irtt§y \V §aton Kl§rt InSt Co 

Fig 153 — L«ft: Copper oxide rectifler type 
output meter with 4000 ohm Input imped- 
anre arranged for radio rerelver testing 

Right: Copper-oxide rectifier type 0-8 a-c 
xoftmeter having a realatanre of 1000 ohma* 
per-\olt 


that the instrument presents a constant non-inductive load of 4000 ohms 
to any circuit to which it may be connected, regardless of which voltage 
range is being used. It is arranged in this way, since the standard loud 
speaker or output transformer primary impedance which is across the 
radio receiver output during normal operation is also approximately 
4,000 ohms. The power output in ‘‘milliwatts,’’ of the receiver being 
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tested, can be calculated from the voltmeter readings and the known 

E2 

resistance (4000 ohms), since W == . 

R 

This meter may also be used for the following purposes : To 
measure voltage output and compute power output of radio sets; to 
determine the maximum gain when lining up r-f and i-f stages of radio 
sets; to compare the gain of radio tubes; to determine gain when a cali- 
brated input voltage is applied to a radio set or audio amplifier; to meas- 
ure comparative selectivity of r-f tuners; to observe period and per 
cent of fading; to set or keep volume of sound amplifier equipment at 
an approximately constant \alue. 

If it is desired to have the input impedance of the meter adjustable be- 
tween certain limits, as is the case with an output meter used to test 
various radio ec]uipmont directly from the low' impedance (10 to 100 ohm) 
windings ot the loudspeaki*r output transformers, a tapped resistor or 
auto-tran.sformer arrangement may be employed. 

Note: For measuring the output of a radio receiver under test, an 
output meter may be connected directly in place of a magnetic (cone type) 
loud speaker, or of a dynamic speaker having a self-contained transformer. 
If, however, the instrument is to be substituted for the voice-coil of a dy- 
namic speaker, it must be shunted by a resistance approximating that of 
the voice-coil. If the speaker is left in the circuit, the meter may be con- 
nected directly across the voice-coil or across the primary of the trans- 
former (see Fig. 481 A). 

215. Resistance measurement by ammeter-voltmeter method: 

One of the simplest and most common methods of measuring resistances is 
by use of a d c. voltmeter and ammeter, or milliammeter, connected to a 
source of steady e.m.f. as shown at (B) of Fig. 154. The method consists 
in measuring the voltage drop produced across the device due to its re- 
sistance. when the measured current flow's through it. Then from Ohm’s 
E 

law, we ha\e: R - . 

I 

Where R is the resistance in ohms; E is the voltmeter reading in volts 
and I is the current in amperes. A value of applied e.m.f. should be 
selected for the measurement such that the current flowing through the 
resistance of the device being measured will not overheat it. 

When measurmir very hi^Th resistances by this method, the current will be small 
and the voltmeter should always be connected across both the resistor and ammeter 
as shown at (A). If it is connected simply across the resistor only, as shown at 
(B), the milliammeter which must be employed to measure the current indicates 
the ’ sum of the current through the resistor plus that through the voltmeter. 
Since the current through the resistor is small under these conditions, the voltmeter 
current may be almost as great (unless a high resistance voltmeter is used) and adding 
these together for the milliammeter reading causes an appreciable error. It is true 
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that at (A) the voltmeter measures the sum of the voltage drop across both the re- 
siator and the milliammeteri but since the resistance of the average ammeter is only 
from 20 to 50 ohms adding this to the high resistance to be measured results in only a 
small error. For low resistances, the connection of (B) should be employed, for this 
case the current through the resistance will be comparitively large and adding a few 
milliamperes of voltmeter current to the ammeter reading does not cause appreciable 
error. 

Example: Consider the circuit shoum at (A) of Fig. 154. A voltmeter across the 
device whose resistance is unknown reads 100 volts and the ammeter reads 
5 amperes. What is the unknown resistance? 

E 100 

Solution: z=: z=20 ohms. Ans. 

I 5 

216. Voltmeter method of measuring resistance: A simple 

method of measuring resistances by means of a voltmeter alone (whose 
exact resistance is known) is shown at (C) of F'ig. 154. The proceedure 
is to measure the d-c supply voltage first with the voltmeter, by closing 


W [B] [Cl 

rtg. 154— (Ai and (B) Methods of me.isorinR r»*sistance with an arnnieter an<l \nltni«ler 
(C) Measuring high resistance with only a voltmeter of known re.sistancc 

the short-circuiting switch S which short-circuits the resistance to be 
measured. This is sometimes called the “line reading”. Then the switch 
S is opened, thus putting the unknown resistor R in series with the volt- 
meter, and the reading of the meter is noted again. This is called the 
“drop reading”. With these readings the value of the unknown resistor 
may be obtained from the formula. 

Ei, — Er, /El \ 

R = X Rm. or R = I 1 I X Ro, 

Eu \ Eo / 

Where R= unknown resistance in ohms. 

EL=the voltage of the line or source, i.e., the voltage indicated 
by the meter w’hen switch S is clo.sed. 

E[,=The “drop reading,” i.e., the reading on the voltmeter 
when switch S is open and R is in .series with the volt- 
meter. 

Rm=the resistance of the voltmeter in ohms. 

Example: A 250 volt meter havini; a re»i»tance of 1000 ohms per volt is to be used 
to measure the value of an unknown resistor. The voltmeter is connected 
dii‘ec^ly across three B hatterie.s in series and the potential is found to be 
135 volts. The unknown resistor is then connected in series with the meter 
and the batteries and the meter now reads 36 volts. What is tha valua In 
ohms of the resistance. 




(Solution on noxt pago) 
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Solution: Since the voltmeter has a resistance of 1000 ohms per volt, the total resist- 
ance, Rm, is 1000 times 250 or 250,000 ohms. El as measured is 135 volts. 
Ej) is 36 volts. Therefore: 

/135 \ 

R= — 1 J X250,000:zz715,000 ohms. Ans. 

Therefore, the only data needed to measure resistance by this method 
is the resistance of the voltmeter. This information may be marked on 
the meter or, if not, it can be obtained from the manufacturer. Weston 
models 301 and 280 meters each have a resistance of 62 ohms per volt, so 
that a meter having a range of 150 volts for instance, would have a re- 
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Ptf 155 — L#ft: Circuit of a almple ohm- 
meter 

Right: A commercial typo of ohmmeler 
UHed for testing coils, resistors, circuits, 
condensers, etc It has two ranges 0-6,000 
and 0-50,000 ohms The switch at the 
lower left selects the rang** The single 
dry cell Is contained Inside the case 
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sistance of 62 X 150 = 9,300 ohms etc. This method is only adapted to 
the measurement of high resistances, for if the unknown resistance is low 
there will be no noticeable difference in the voltmeter reading when it is 
connected directly across the e.m.f. supply line and when it is connected 
in series with the unknown resistor and therefore accurate readings can- 
not be taken. 

217. Meaturing resistance with the ohmmeter: An ohmmeter 

is an instrument that indicates the resistance of a circuit or device direct- 
ly in ohms without need for any calculations. A commercial type of this 
instrument is shown at the right of Fig. 155. The device whose resistance 
is to be measured is connected directly across the ohmmeter terminals 
as in (A) of Fig. 155. The pointer indicates directly, the resistance of 
the device. 
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The principle of the ohmmeter is best understood by referring to (A) of Fig. 166. 
A dry cell E sends current through an adjustable calibrating resistor B, and a milliam- 
meter G, the scale of which is marked directly in ohms. If the unknown resistor to 
be measured is connected directly across the terminals of the instrument, the meter 
deflection will be proportional to the current, but since the applied voltage is con- 
stant, the current depends upon the value of the unknown resistance. Therefore the 
deflection depends upon the value of the unknown resistance and the scale of the in- 
strument may therefore be calibrated directly to read the value of the resistance in ohms. 

As the dry cell voltage diminishes with age of the cell, the setting of resistance B 
must be varied. In practice this is accomplished as follows: The ohmmeter terminals 
are short-circuited by means of a short wire. Since the circuit resistance is now zero, 
the pointer should stand at zero. If it does not. resistor B is adjusted (usually by 
means of a slotted shaft) until the pointer stands at zero. When the pointer can no 
longer be brought back to the zero position by the means, the dry cell inside of the 
meter case should be replaced by a new one. 

The ohmmeter shown at the riprht of Fig. 155 has two ranges obtained 
by using two separate series resistors which can be selected by the switch 
at the lower left-hand corner. One range covers from 0 to 5000 ohms and 
the other covers from 0 to 50,000 ohms. Ohmmeters can be used to find 
out if coil windings, circuits, resistors, or condensers are short-circuited 
or open, as well as for resistance measurements. If the device being tested 
has a short-circuit the ohmmeter reading will be “zero”. If the circuit is 
open, or above the range of the meter the pointer will go off the scale. 

Some meters of this type are made with several series multiplier re- 
sistors which can be put in series with the milliammeter movement to 
make a multi-range voltmeter out of it. Meters of this kind an* called 
Volt-ohmmeters. One such instrument used extensively in radio circuit 
test work has ranges of 3, 30, 300 and 600 volts (all 1,000 ohms per volt) 
and two ohmmeter ranges, 0-10,000 and 0-100.000 ohms. Two toggle 
switches connect the various ranges of the meter in the circuit. The 
single dry cell flashlight-type battery for the ohmmeter is self-contained 
inside the meter case. 

218. Measuring resistance — the Wheatstone bridge: The meth- 
ods of resi.stance measurement described in Arts. 215, 216 and 217 are sim- 
ple methods u.seful when no great precision is required. When resistance 
is to be measured accurately, some form of Wheatstone bridge is used. 

The ordinary Wheatstone bridge consists of four resistors connected 
as shown, in the form of a diamond, with a resistor in each side of the 
diamond as shown at (A) of Fig. 156. Resistor X is the* one whose value 
is unknown, and is to be measured ; R is a resistor of known value . S and T 
are also known. A low voltage battery connected as shown to points A 
and C will cause current to flow in the resistors when the battery switch 
is closed. The current from the battery divides at A. one part flowing 
through path A B C, the other along path A D C., the two branches unit- 
ing at C and flowing back to the battery. Resistors S and T are so ad- 
justed that when the galvanometer switch is closed, the galvanometer 
pointer stays at zero, indicating that no current is flowing through the 
galvanometer. This is called “balancing the bridge*'. Under these con- 
ditions the points B and D must be at the same electrical potential, for if 
any difference of potential existed between them it would send current 
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through the galvanometer circuit and a deflection would result, when the 
galvanometer key was closed. 

Let Ij be the current flowing through the path ABC and I2 the current through 
ADC. By Ohm's Law, the voltage drop in any part of a circuit equals the current mul- 
tiplied by the resistance of that part of the circuit. The voltage drop from A to B, 
therefore, equals Ij X; that from B to C equals I| R; that from A to D equals I2 S* 
that from D to C equals I2 T. Now if points B and D are at the same electrical poten- 
tial, the voltage drop from A to B must equal that from A to D or, 

Ii X=l 2 S 

and also the voltage drop from B to C equals that from D to C, or 

Ii Rzulo T 

Dividing the first equation by the second, we have 

Ii X I2 S 


Ij R I2 T 
X S 

Cancelling Ij and we have, — — - - or XTzirRS. From this we obtain, X=— 

R T T 

This is the fundamental equation of the Wheatstone bridge. S and T 
are called the ratio arms of the bridge. The formula for the Wheatstone 




Fla 166 (A) Simple Wheatstone bridge circuit (B) Oial type bridge for field test work, 

(f) Simple slide wire form of Wheatstone bridge. 


bridge may easily be remembered by remembering from XT=RS that 
the products of the resistances of the opposite arms in the bridge are equal. 
Thus, X times its opposite arm T is equal to R times its opposite arm S. 

In actual practice it is not necessary to know the exact value of the 
resistances S and T as long as their ratio is known. With the ratio of 
S to T or T to S and the resistance of R known, it is a simple matter to 
determine the value of the resistance of X from the above formula. No- 
tice that the formula contains the ratio of S to T. In practical Wheatstone 
bridges, the ratio arms, S and T are arranged so that the ratio between T 
and S can be varied progressively in multiples and sub-multiples of 10 
while the variable standard resistor S is variable in small steps. A 
“decade resistance box” usually serves as the variable resistor R. 

The accuracy of the determination of resistance X depends on the 
accuracy of the ratio arms S and T, the accuracy of the standard resist- 
ance S. the sensitivity of the galvanometer G and the relative resistances 
of all four arms of the bridge. Most accurate determinations are made 
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when all the arms of the bridge are equal, or at least approximately equal. 

In practice the Wheatstone bridge is never constructed in the form 
of the diamond-shape of the diagrams. A much used form of the Wheat- 
stone bridge is shown at (6) and (C) of Fig. 157. It consists of a num- 
ber of different non-inductively wound coils of resistance wire each hav- 



Kig 157— (A) Arrangement <*f rmn - induct ive resistor coils and short-circuiting plugs 
(B) Post-office type Wheatstone bridge with coil plugs iTi Circuit of Post-office 
type bridge 


ing a known marked resistance. The coils are connected to the short 
heavy brass bars on the top of the box. The individual bars may be con- 
nected by inserting round tapered bra.ss plugs which can be easily re- 
moved. Each plug shorts the resistance coil connected between the two 
bars when it is put in place between the two bars, as shown at (A). Re- 
moving the plug puts the resistance coil into the circuit. The total resist- 
ance can be adjusted to any value by removing different plugs. This is 
sometimes called the post office pattern Wheatstone bridge. The com- 
plete bridge is shown at (B). In the Wheatstone bridge .shown at (B) 
of Fig. 156, the resistances are varied by means of switches controlled by 
dials. These can be manipulated very easily and quickly. The galvano- 
meter is built into the instrument. 

Probably the simplest form of Wheatstone bridge is the slide wire bridge 
shown at (C) of Fig. 156. Point D is a sliding contact which is moved 
along the resistance wire ADC until a point is found for which there 
is no deflection of the milliammeter or galvanometer, G. The ratio S/T 
is then the ratio of the length of the two parts of the resistance wire. 
This is true because since the wire A C is uniform, the resistances of 
pieces of it are proportional to the lengths of the pieces. A rule or scale 
mounted under the side wire A C makes it easy to read off length.s S and 
T when the bridge is balanced. The .same formula derived above is used 
for calculating the value of resistance X, only instead of using the re- 
sistance in ohms for S and T, the lengths of the slide wire are used instead. 
The slide wire bridge is very simple and inexpensive, and is capable of 
quite accurate measurements if care is taken in its construction and use. 
The resistance wire and resistors R and X are connected together by 
heavy solid brass rods as shown. This keeps the resistance of these con- 
nections purposely low, since any resistance in either of these connecting 
•trips will be added to the corresponding resistance arms of the bridge. 
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A dial type Wheatstone bridsre (B of Fig. 166) has the two ratio 
arms controlled by a single dial. Turning this dial corresponds to moving 
the siding contact in a slide wire bridge. Thus accurate and rapid work 
are possible with this form of bridge. The ratios in the usual form of 
dial bridge are 1 :1, 1 :10, 1 :100, 1 :1,000, 1,000 :1, 100 :1,10 :1. The known 
resistor R is adjusted by means of four dials. If R is one ohm, X may be 
as small as .001 ohm. R may be as high as 1111 ohms and X may be 1000 
times R. With this bridge any value of resistance from .001 to 1,110,000 
ohms may be measured. 

Problem: Referring to (C) of Fig. 166, R=10 ohms, S=40 centimeters and T=60 
centimeters. What is the value of X? 

RS 10X40 

Solution: X= z= “6.67 ohms. Ans. 

T 60 

The Wheatstone bridge can also be used for measuring inductances 
or capacitances as we shall now see. 

219. Measuring inductance with a Wheatstone bridge: Induct- 
ance can be measured by means of a simple Wheatstone bridge arranged 
as shown at (A) of Fig. 158. This is usually called an inductance bridge. 



Batt. 



FIs 158— (A) Wheatstone bridse arransemenl for measurJns Inductance 

fB) Wheatstone bridge arrangement for measuring capacitance. 


The four arms of the bridge consist of three resistance boxes, Ri, Rj and 
Rs, and the inductor L to be measured. 

The resistance of the inductor L, is first found by means of the Wheatstone bridge, 
using direct current The bridge is now balanced for direct current resistance, and all 
three resistors and the .inductor must be left as they are for the remainder of the test 
The battery connected to the bridge is now replaced by a source of alternating current 
Usually a 1000 cycle buzzer or oscillator is used for this purpose, for since the ear is 
moat sensitive to frequencies around 1000 cycles, the point when minimum sound is heard 
in the earphones may be judged accurately. A buzzer is usually objectionable in that 
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its sound is heard for quite a distance and interferes with accurately determining: the 
minimum sound point in the sensitive earphones. Coil M, couples the bridge to the 
buzzer or oscillator circuit. This may consist simply of two coils wound on a cardboard 
tube, or a telephone induction coil with its secondary in the bridge circuit. A variable 
condenser which has been calibrated is shunted across as shown. The small induc- 
tance coil shown is sometimes connected in series with the earphones to permit sharper 
adjustment for even the faintest sound. Sometimes a telephone transformer with a 
primary impedance of about 200,000 ohms and a secondary impedance of 20,000 ohms is 
connected here instead. The secondary is connected to the earphones. A grounded 
shield is used between the primary and secondary windings to prevent objectionable 
capacity effects. Now condenser C is varied until the sound is as faint as it is pos- 
sible to get it. When this is done, the bridge is balanced for a-c. The resistance of L 
may be left out of the computations for it has been already been balanced out by the 
other three resistances. The junction of the two resistance arms should be connected 
to ground to prevent errors due to the capacitance between the earphones and the 
observer. 

The four arms of the bridge, so far as a-c is concerned, are L, C, Ra 
and R3. L may be found from the equation : 

L R, 

, or L TR. R, 

R, 1 C 

The quantity 1 (" comes in due to the fact that if the rcsmtanc*' is in- 

creased the current is reduerd, while, if the capacitance is increased the 
current is nicreasf'd. Thus capacitance and resistance act oppositidy so 
far as affecting the strength of the current is concerned. Tht' r(‘si^tances 
chosen for Rj and R; must always be such that with the particular range 
of condenser employed the product CRj Ri ma\ be made numericall\ equal 

to the inductance L. For example, if (' has a capacitance range from 

O.OOUOl to 250 mfd., and Rj and R, are 200 ohms each, the smallest induc- 
tance the bridge will measure accurately is about 

L .00001 • 200 ^ 200 0.4 microhenry. 

The resistors emidoyed in the bridge must be of the non-inductive 
type and all wires should be kept as short as pos.sible to prt'V(»nt induc- 
tion effects. Commercial forms of inductance bridges are used extensively 
in laboratories and in production work for checking the inductanct* \alu(*s 
of coils of fdl kinds, 

220. Measuring capacitance with a Wheatstone bridge: Cap- 
acitance may also be measured by means of a Wheatstone bridge as shown 
at (B) of Fi^ 158 . This is usually called a capnrity bridge. 

The ff; r arp. > of the bridge con.sist of non-inductive resistor.s R, and R.^, an accur- 
ate stand; d condvn.ser C,, and the condenser C, to be tested. Alternating current 
(1000 cycles preferable) is supplied to the bridge through the coil M, as in the case of 
Article 211^ An earphone with a small inductance L, (or a telephone transformer as 
described m Art. 219) in series with it is used as a rurrent detectiir The resistances R, 
and Ro are ndjii'* '! until the sound disappears or is as faint as possible. 

The capacitance ( \ is then found from the proportion 

(\ R: 

O^v.- c. “ R. 

Tnig 1: an invej;, proportion, since if the resistance is increased the 
current is reduced, wnile if the capacitance is increased the current is 
also increa.<ied. The capacitance and resistance act oppositely in their 
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effect on the strength of the current. The junction of the resistors should 
be connected to ground for the same reason given in Art. 219. 

If a variable condenser is being tested, the capacitance should be 
tested for a number of settings and a graph plotted with dial readings as 
abscissae (horizontal) and capacitance as ordinates (vertical). 

The same precaution regarding short wires etc., which were set forth 
in Art. 219 must be observed in this test also. The room in which the 
test is made must be quiet, for noises will interfere with the accurate 
determination of the minimum sound point in the earphones. Commer- 
cial forms of capacity bridges are used extensively in laboratory and 
production work for quickly and accurately checking the. capacitance of 
condensers. 

221. Measuring frequency, the simple wavemeters: The prop- 
erty of frequency discrimination of a series resonant circuit may be used 
in an instrument for measuring the wavelength or frequency of the cur- 
rent in a circuit. If the instrument is calibrated in wavelength (in meters) 
it is called a icavemeter. If the instrument is calibrated in frequency 
(in cycles or in kilocycles), it is called a frequency meter. The con- 
struction and operation of the wavemeter and frequency meter are iden- 
tically the same. The operation of the wa\emeter depends on the prin- 
ciple of series resonance whereby the capacitive reactance is made equal 
to, and is neutralized by, the inductive reactance at the resonance fre- 
quency, and the impedance of the tuned circuit is then simply equal to its 
resistance. Under this condition the maximum current flows through the 
circuit (see articles 172 and 173). Therefore if a simple series tuned 
circuit is arranged as shown at (A) of Fig. 159, and is coupled either 
inductively or capacitively with the circuit M whose frequency or wave- 
length it is desired to measure, such that M induces a \oltage of the same 
frequency into the tuned circuit, then the tuning condenser in the wave- 
meter may be adjusted until it is in resonance at the .same frequency as 
that of M, and maximum current will be set up in the tuned circuit (Of 
course the inductance of the coil and the capacitance of the tuning con- 
denser in the wavemeter must be so chosen as to give the range of wave- 
length or frequency required for the test.) At this condition of re- 
sonance, if L is in henries and C is in farads, the resonance frequency in 
1 

cycles : f 

2n\' L C 

If L is in the more convenient unit, microhenries and C is in micro- 
farads, it is necessary to multiply the above fraction by 1,000.000. This 
159,000 

gives finally : f = 

VLC 

also the wavelength in meters will be: X=1885 \,^L C 


( 24 ) 
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Example: A wavemeter haa an inductance coil of 200 microhenries and is in resonance 
with another circuit when its tuning: condenser is set at .0002 microfarads. 
What is the wavelength and the frequency of the tuned circuit? 

Solution: Wavclength=:1886 \/LC=i: 1886 \/200x -0002 =377 meters.. 

159,000 169,000 

frequency z= =z — =796,000 cycles. Ans. 

\/L C yy 200X 0002 



Pis. 159 — Various wavemeter and frequency meter circuits. These enable one to measure 
the wavelength or the frequency of an a-c circuit. 


Therefore if the value of the inductance and capacitance of the wave- 
meter at resonance are known, either the frequency or the wavelength 
can be calculated. In practical wavemeters, the tuning condenser scale 
Is usually calibrated to read directly in frequency or wavelength. 
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In order to determine just when the tuned circuit of the wavemeter 
has been adjusted to resonance, it is necessary to have some device to in- 
dicate when maximum current is flowing through it. This is called the 
indicator. The indicator may be an a-c current meter, a small neon tube 
or flashlight lamp which will light up when maximum current is flowing 
in the tuned circuit, or a d-c milliammeter or pair of earphones with a 
crystal detector to rectify the current (this really forms a rectifier type 
meter). It may be connected directly in the tuned circuit as shown at 
(B), or, preferably coupled loosely to it by a coupling coil P consisting of 
a few turns of wire wound either around the main tuning coil or placed 
in inductive relation with it as shown at (C). The method at (C) is 
usually preferable to that at (B), because in the latter,* the resistance 
of the indicating device is placed directly in the tuned circuit. This will 
tend to reduce the current flowing at resonance (since the current at re- 
sonance is equal to the voltage induced in the tuning coil, by the circuit 
under test, divided by the total resistance of the tuned circuit), and will 
also tend to broaden the tuning of the wavemeter (see (B) of Fig. 115). 
If the indicator is coupled loosely to the tuned circuit, its resistance will 
not appreciably broaden the tuning of the wavemeter. 

The characteristics of the various resonance indicators which can be used, deter- 
mine their selection for any particular case, depending on the use to which the wave- 
meter or frequency meter is to be put In some cases, it is merely desired to have the 
indicator tell when the wavemeter is tuned to resonance with the circuit under test, in 
others it may also be desired to obtain a measurement of the strength or energy of the 
signal being tested, in which case a meter of some kind must be used to measure the 
current set up in the tuned circuit at resonance. 

Where the power in the circuit being tested is considerable, as in the case of radio 
transmitter circuits, test oscillators, etc., the voltage induced in the wavemeter coil is 
comparatively large and the resonance indicator generally consists of a small flashlight 
bulb in series with the coil and condenser as shown at (D) of Fig. 159. At resonance 
^he bulb bums brightest since the maximum current is flowing through it. A sensitive 
hot wire milliammeter (about 0 to 3 m. a.) may be used in place of the lamp bulb. In 
this case a .01 mfd. condenser should be shunted around its rather high resistance as 
shown at I of Fig. 159. Thermo-milliammeters are also used extensively for resonance 
indicators in these circuits. A small neon gas filled bulb connected across the tuning 
condenser may also be used as the resonance indicator. 

When the power in the tested circuit is very small, as in the case of radio receiver 
circuits, etc., a pair of earphones in series with a crystal detector rectifier may be shunt- 
ed across the tuning condenser as shown at (E), or connected through a single wire as 
at (F). This makes a more sensitive resonance indicator since the earphones will 
respond to the slightest current through them. The arrangement at (E) depends for 
its action on the fact that at resonance the voltage across the terminals of either the 
tuning condenser or coil is at maximum and therefore the sound in the earphones is also 
maximum. When earphones are used, the current in the circuit under test must be 
modulated at an audio frequency in 'rder to be heard in the earphones, since earphones 
will not respond to a steady high frequency current. Otherwise, modulation may be 
accomplished by a buzzer connected in the wavemeter circuit. The crystal det^tor 
rectifies the a-c current so that the earphones will operate. The wavemeter circuit is 
considered as being tuned exactly to resonance with the current in the circuit under 
test, when the sound in the earphones is at a maximum. 

When the resonance indicator is placed in a separate circuit loosely coupled to the 
wavemeter circuit, as at (C) and (G) of Fig. 159, the energy in the indicating device 
is of course less than when it is directly in the tuned circuit as at (B). There are 
various ways of coupling the indicator circuit to the tuned circuit A small coupling 
coil P, containing from 1 to 20 turns (depending on the amount of coupling desired) of 
magnet wire (about No. 18) wound on a 2 inch diameter bakelite tube may be placed 
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several inches from the tuning: coil in the wavemeter as shown at <G); both usually 
being mounted in the same box. The coupling coil should not have too many turns or 
be placed too close to the wavemeter coil for then it will absorb so much energy from 
the tuned circuit, that the calibration of the wavemeter will be affected, and its tuning 
will be broadened. If the coupling coil has too few turns or is placed too far away, 
the indication of the resonance indicator will be too feeble. The coil should be so de- 
signed and placed that it gives the best reading for the put pose used, without causing 
any change in calibration of the tuning condenser. The fixed Carborundum type of 
crystal detector is probably the best type of rectifier for this type of circuit, since it 
need not be adjusted. 

If the sound in the earphones is too weak, more energy may be introduced into the 
indicator circuit by a simple method devised at the Bureau of Standards. A metal plate 
or piece of tinfoil about 2.x3 inches or 2 inches square is mounted near the stator plates 
of the tuning condenser and is connected to a point in the indicator circuit as shown 
at (H). This adds some capacitive coupling between the two circuits. 

The coupling between the wavemeter and the circuit which is under test should 
always be made as loose as possible, that is. the meter coil should be kept as far from 



shown 

Right InMiflf view of self-contained 
wavenif»u^r I’a’ine rrme. ' f 7', rn ! '.r.n n>* T*-'-s hv n’pans of 3-iPciioii foil Upsoniince may be 
indlr-atPd fhp ho*-w - ill a ' r.ft^r t.y .-.irphonps The cin \nt diagram of this instru- 
ment l.s shown at (li < f F'>r I')'' S* ♦ al^^o Fig 161 

the circu't under test, a- is consistent with a satisfactory reading of the indicator device. 
Coupling may he made ns close as a feu inches when very feeble currents exist in the 
circuit bung tested, but with stronger currents the coupling may be several feet. With 
too close coupling, sharp indications of resonance cannot be obtained, since the close 
coupling broadens the resonance peak or may even make two distinct “peaks” or “maxi- 
mum readings’* separated nmsiderahly from each other This effect is really caused 
f»y the fact that even when the wavemeter current is tuned way off resonance and is 
therefore pi eventing (piite a high impedance to the flow of current of the frequency 
under te'it. enough voltage is being induced in the wavemeter coil by the close coupling 
to the te^t ciiruit so that some current is forced through the wavemeter circuit anyway, 
if'^ijlMng m a ri^admg on the indicator. This will of course cause inaccurate measure- 
ment.’* 

In oiaT’y ca’-e**. where it is impractical t») influctively couple the circuit M bciny 
frRf/ti. to the cod in the waveinetrr. on account of too distant separation, etc., cciupling 
may le etT“(tively arromfdished by crmnecting a single wiie from one end of the 
tuninj^ fo'.l in tlie wavom**tor, to any point in the circuit under tf?st, as shown at (E). 

W;ivFm(‘ters are usually built with th(* inductance fixed or .semi-ad- 
justable arul the tuning capacitanc»* variable, to enable them to be tuned 
to various fiequimcies within their range. All of the wires connecting the 
tuning coil and (-(iiul^^-nser must be heavy and as short and direct as 
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possible, so as not to introduce extra resistance into the tuned circuit. 
When a wide band of frequencies is to be covered, it is frequently necess- 
ary to use several coils of different inductance, which fit into the wave- 
meter by a plug-in arrangement, If the coil-s are arranged so one has 
exactly four times the inductance of the next smaller one, the wavelength 
range with any one coil will be approximately doubled and the frequency 
range approximately halved by using the next larger coil. If the coil's 
are all built so the same winding space i.s used but with the number of 



Courtr/fv O' neral Radio Co 

t-'ig 161 — Left. Top \ lew of direct roadinn waveiiieter showi. .qi the nul’l ^*’0 The 

unvelenicth m meters is rend directK fimn the :il Ihe lof» Tlir- hol-\vir« 

mllliammeter is nl the right 

Right- A precision wa\emeter with pliig-m loils, and thermo-nnlhammeter reso- 
nance indicator Notice the heavy copper connecting str.aps from the rennvahle 
coils, to keep the reiiistance of the tuned cirt ml low Ai1dition.nl ccols .nrc shown 
below 


turns in tliis space double for each next larirer coil, the<e conditions will 
be approximately closely. In wavemeters using several plug-in coils it is 
desirable to have the ranges of the coils overlap somewhat. 

A simple wavemotor provided with a set of four plug-in coils fitted 
with mounting pins to fit the special tuning condenser terminals, and 
providing a total tuning range from 15-220 meters (20,000 to 1363 kc). 
is shown at the loft of Fig. 160. This unit, having an accuracy of one 
per cent is very useful in many radio measurements and tests in the home 
or school laboratory. The tuning condenser with one of the coils inserted 
in place is shown on top of the wpoden carrying box supplied with this 
wavemeter. A small flashlight bulb in a special socket which automatic- 
ally closes the tuned circuit upon removal of the bulb, is provided. Any of 
the other types of resonance indicators may be connected to this wave- 
meter externally. The chart shown at the left supplies the calibration 
curves for the four ranges. 
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The illustration at the right of Fig. 160 shows the inside of a very 
useful self-contained direct reading wavemeter having a three-section 
tuning coil arranged with a switch for obtaining the wavelength ranges 
of 75 to 200 meters, 200 to 600 meters, and 500 to 1500 meters with the 
tuning condenser shown at its left. For the low range, the small front 
section of the coil winding is used alone. For the middle range the first 
two coil sections are in series. For the high range all three coil sections 
are in series. The range may be extended by connecting an additional 
inductor in series with this tuned circuit. The tuning condenser is pro- 
vided with a reduction gear and vernier knob arrangement to enable its 
setting to be adjusted very accurately to the resonance point. The ac- 
curacy of this meter is one per cent. The hot-wire milliammeter mounted 
under the coil may be used for resonance indication, or a crystal detector 
(which is not visible in this photograph) may be used in conjunction with 
a pair of earphones for this purpose. The circuit diagram of this wave- 
meter is shown at (I) of Fig. 159. A top view of the instrument in its 
wooden case is shown at the left of Fig. 161. 

A precision wavemeter employed for general laboratory and service 
uses where rapid and fairly accurate wavelength or frequency measure- 
ment is required, is shown at the right of Fig. 161. The plug-in coils are 
mounted in individual wooden cases for mechanical protection as shown. 
A thermo-galvanometer is used to indicate resonance. The accuracy of 
this instrument is 0.25 per cent and the wavelength range is 15-600 
meters (20,000 to 500 k.c.). Another instrument of the same type is 
made, having a range of 70 — 24,000 meters (4,290 — 12.5 k.c.) 

For very accurate measurements, a wavemeter should always be 
calibrated while using the same resonance indicator and wiring connec- 
tions that are to be used whenever the meter is employed later. This 
applies to earphones, lamps, milliammeters, phone cords and all other 
similar parts. Any changes in these may change the inductance or cap- 
acitance of the tuned circuit and so affect the reading. For ordinary 
measurements this is not so essential. 

Some wavemeters are equipped with buzzers to enable them to send 
out a modulated high frequency radio wave which can be picked up by a 
radio receiver or other device under test. The wavemeter at the right of 
Fig. 160, has a special high frequency buzzer mounted in the rectangular 
metal case directly in front of the tuning condenser. This is operated by 
an ordinary 4.5 volt C-battery mounted inside the wavemeter case. 

Heterodyne wavemeters are probably the most useful type and are 
used extensively. In these, a tuned circuit, an oscillating vacuum tube 
and a milliammeter, (usually in the grid circuit of the tube) , are employed ; 
and very sharp indications of resonance are obtained by noticing when 
the sudden change in the milliammeter reading occurs. The wavemeter may 
also be used as an oscillator to produce high frequency current or waves. 
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When using a wavemeter, the setting of the tuning condenser is 
varied slowly until the particular resonance indicating device employed 
shows that maximum current is flowing in the tuned circuit of the wave- 
meter. Then the wavelength or frequency is calculated from the values 
of inductance and capacitance in the tuned circuit at the resonance setting 
by means of the formulas previously given, or else they may be read 
directly from the condenser scale if it is suitably calibrated. 

REVIEW QUESTIONS 

1. Name the three main effects which a flow of electric current can 
produce, and give two examples of the application of each in 
some practical electrical device with which you are familiar. 

2. Explain the construction of the D’Arsonval type movement used 
in the Weston d-c electrical measuring instruments. 

3. What causes the movable coil of instruments of this type to turn 
when current flows through it? 

4. What is the purpose of the mirror that is mounted on thd scale 
card of some instruments? 

6. Since the mechanical construction and resistance of the movable 
coils of a Weston d-c voltmeter, ammeter and milliammeter are 
all the same, what then is the essential difference between these 
instruments ? 

6. How must a voltmeter always be connected to a circuit? (sketch) 

7. How must an ammeter always be connected to a circuit? (sketch) 

8. How is a wattmeter connected to a circuit? (sketch) 

9. Draw a circuit diagram of a 6 volt storage battery connected to 
supply current to the filament of a vacuum tube in series with a 
10 ohm rheostat. Indicate how you would connect an ammet^ 
in the circuit to measure the current flowing. Also indicate how 
you would connect a voltmeter to read (a) the p. d. of the battery, 
(b) the voltage across the tube filament, (c) the voltage drop 
across the resistor. 

10. What causes the Weston type of d-c measuring instruments 
to be “dead beat”? 

11. A 0-1 d-c milliammeter has a resistance of 30 ohms. Calculate 
the resistances of the shunts required to extend its range to (a) 
one ampere, (b) 10 amperes, (c) 50 amperes. What is the mul- 
tiplying factor which must be applied to the meter s<»le readings 
in each case? Draw a diagram showing the connections of these 
shunts to the meter. 

12. A voltmeter having a sensitivity of 1000 ohms per volt, has three 
scales, 7.6 volts, 150 volts, 460 volts. What is the value of the 
series multiplier resistance used for each range? Draw diagrams 
of the connections. How much current flowing through the 
movable coil is necessary to produce full scale deflection? 
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13. The range of the voltmeter of problem 12 is to be extended to 
1000 volts. What multiplier resistance must be connected in 
series with the movable coil? 

14. What is the essential requirement in a meter necessary to mea- 
sure e. m. f. accurately and how is it fulfilled in the construction 
of a high resistance voltmeter? 

15. What are the essential requirements of satisfactory meter multi- 
plier resistors? How accurate need their resistance value be? 

16. State the ])rinciple of operation of the hot-wire ammeter. Draw 
a sketch of a simple < ri ' and explain its operation. What are 
the advantages and disad\antages of this type of meter? 

17. State the principle of the thermo-couple ammeter. What are its 
advantages? 

18 F]xplain uhy hot wire ummeters or thermo-couple ammeters can 
be used either in a-c or d-c circuits. 

19. Explain by a practical example, how a voltmeter having a com- 
parativ(‘ly lou re'^i.stance may cause an appreciable change in 
the volta^»e of the circuit it is connected across. Show how the 
use of a high resistance \oltmeter (1000 ohms or more per volt) 
eliminates this trouhh*. 

20. Explain the operation and construction of a wattmeter and 
show why it can be used in a-c or in d-c circuits. 

21. A ]iower consumption test is made on a radio receiver by operat- 
ing it and counting the number of revolutions of the aluminum 
disc in a recording watt-hour meter connected in the circuit. If 
the constant of the meter is 0 5 watts, and the di.sc makes 25 revo- 
lutions in 5 minutes how much does it cost to run the receiver 
per hour if electric power co^ts 8c per kilowatt hour? 

22. Explain the cnnstructi(m and operation of the movable-iron type 
of a-c amnn^ter What are its advantages over the dynamom- 
eter typ(^? Why can this type of meter be used either on a-c 
or d-c? 

23. Explain th<^ » onsi ruction and operation of the rectifier type a-c. 
instrument.s ■ V.’hat are their advantages over the movable-iron 
or dynamornet^ r types? 

24. What is a rcct.fit r (Explain with aid of a diagram.) 

25. Describe the actum and construction of two types of dry-plate 
rectifiers. 

26. P^xplam the principle of the Wheatstone bridge (with diagram). 

27. What is meant by “balancing the bridge”, and why is this done 
when measuring a resistance? 

28. Referring to ( A } of Fig. 156, resistor R is 10 ohms. S is 30 ohms, 
and T is 5 ohms when the bridge is balanced. What is the value 
of the unknown resistance? 
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29. Explain the principle of operation of a simple ohmmeter (with 
sketch). What is the advantage of the ohmmeter method of 
resistance measurement over that using a Wheatstone bridge? 
What are its limitations? 

30. Explain how capacitance may be measured on a Wheatstone 
bridge. 

31. Explain how inductance may be measured on a Wheatstone 
bridge. 

32. What is the difference between a wavemeter and a frequency 
meter? 

33. Explain the principle of operation of a simple wavemeter with 
a resonance indicator consisting of a crystal detector rectifier 
and a pair of earphones. Draw the complete circuit diagram 
the indicator circuit is inductively coupled to the tuning coil. 

34. When a wavemeter is tuned to resonance with a particular cir- 
cuit under test, the inductance is 300 microhenries and the capa- 
citance is .0003 microfarads. What is the frequency of the cir- 
cuit being tested? What is the wavelengfth? 

35. Draw a diagram and explain how you would measure the value 
of a rather low resistance by means of an ammeter and volt- 
meter. 

36. Draw a diagram and explain how you would measure a high 
resistance roughly by using a voltmeter alone. 

37. A filament rheostat is the resistor in Prob. 35. The voltmeter 
reads 6 volts and the ammeter reads 0.5 amperes. Calculate 
the resistance. 

38. A voltmeter having a resistance of 100,000 ohms gives a reading 
of 86.5 volts when connected in series with the secondary wind- 
ing of an audio transformer across a source of voltage. When 
the voltmeter is connected across the line alone, it reads 110 
volts. What is the approximate resistance of the winding? 
What would the first voltmeter reading be if the transformer 
winding were open at some point? 

39. How does an ohmmeter indicate (a) a short-circuit in a conden- 
ser? (b) an open winding in a resistor or a transformer? 

40. A frequency meter having a frequency range of 1500 to 500 k. c. 
(200 to 600 meters) is to be used in connection with a crystal 
detector rectifier and a 0-1 d-c milliammeter resonance indicar 
tor, to indicate when the frequency of a test oscillator reaches 
400 kc. The inductance of the wavemeter coil is 300 micro- 
henries and the maximum capacitance of its tuning condenser is 
approximately .00033 microfarads. What standard size of fixed 
condenser must be shunted across the wavemeter condenser to 
bring the range down to say 318 kc when the tuning condenser 
is set at maximum capacitance? 



Chapter 14 

ELECTROMAGNETIC RADIATIONS 

SOUND AND ELECTROMAGNETIC RADIATIONS — STRUCTURE OF THE ATOM — 
HOW RADIATIONS ARE PRODUCED — FREQUENCY OF ELECTROMAGNETIC RADIA- 
TIONS — FAMILIAR RADIATIONS — EFFECTS PRODUCED BY THE COMMON 
ELECTROMAGNETIC RADIATIONS — HOW RADIO RADIATIONS ARE PRODUCED — 
THE BROADCASTING STATION — REVIEW QUESTIONS. 

222. Sound and electromagnetic radiations: In Chapter 2 , we 
studied some of the characteristics of sound waves produced by the 
mechanical vibration of air. and having frequencies between about 16 
and 20,000 complete vibrations per second. In Chapter 2, it was men- 
tioned that the broadcasting of sound programs could be accomplished 
practically by making use of electromagnetic and electrostatic waves or 
radiations of high frequency (commonly called radio waves), radiated in 
all directions over long distances from the transmitting aerial. Distant 
reception of radio programs almost daily proves that it is possible to 
hurl into space and scatter literally to the four corners of the earth at a 
speed of 186,000 miles per second, electric energy in the form of waves 
or radiations exactly representing the spoken words of the human voice 
or the music of great orchestras ; and anywhere thousands of miles away 
on land or sea, or even in the air above, to pick out of the atmosphere a 
tiny bit of this energy and from it reconstruct the sounds almost as per- 
fectly as they were originally produced. 

We will now study some of the important characteristics of these 
radiations and will find that they belong to the same family as do those 
which produce the common sensations of heat and light. There are many 
fundamenCal things regarding the production and propagation of elec- 
tromagnetic waves through space, which have never been explained to 
the complete satisfaction of scientists, and it is upon these questions that 
many of the most brilliant scientific minds in the world today are con- 
centrating their efforts. Important data is being collected almost daily 
toward a solution of some of these entrancing mysteries of nature. The 
fact that we do not know as much about these things as we would like to, 
need not prevent us from making practical use of them, because there are 
many things with which we are on familiar terms in our daily lives, but 
which we really know little about. The origin of life itself is still a mystery. 

223. Structure of the atom: We found from our study of the 
Btructure of the atoms of substances, in Articles 16 and 17, that all matter 
is composed of atoms, each one of which consists of a central nucleus of 
positive electrical charges (protons) and negative electrical charges 
(electrons), surrounded by one or more negative planetary electrons re- 
volving about it in more or less circular orbits or shells. 
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Note: The student is advised to read Articles 16 and 17 carefully at this point 
in order to obtain a good mental picture of the atomic structure. He should study 
Fig. 17 especially. 

It is imagined that in the more complicated atoms, planetary electrons are ar- 
ranged around the nucleus somewhat as if they lay in a series .of concentric shells or 
orbits. In the first shell are two planetary electrons (except in the case of hydrogen) 
revolving around the nucleus. In those atoms which contain more than two planetary 
electrons, all of the electrons in excess of these first two are arranged in shells 
external to the one just described as shown at (C) of Fig. 17, the capacities of success- 
ive outer shells for electrons being 2,8,8,18,18,32 and 32 respectively. Every one of 
the 92 chemical elements has a different electron arrangement. The total number of 
negative electrons revolving about the nucleus of each atom of any element (plane- 
tory electrons) is called its atomic number. There are of course, additional electrons 
inside the nucleus but these do not affect the ordinary electrical or chemical properties 
of the elements. The characteristic distribution of the electrons in any atom determines 
the properties of the atom. 

In the following table, the total number of planetary electrons (atomic 
weight) and the number of electron orbits or shells in each atom is given 
for all of the 92 chemical elements. This table should prove helpful and 
instructive to the student in visualizing the structure of the atoms of 
the various chemical elements. 


QtMfUa or Quanta or 

S umber of Number of Number of Numbar of 

Chemical Planetary Electron Chemical Planetary Electron 

Symbole Elemente Electrone Shelle Symbols Elements Electrons Shstts 

H Hydrogen .1 1 Ag .. . Silver 47 5 

He -Helium 2 . 1 Cd _ . Cadmium 48 6 

LI Lithium 3 .. 2 In.. —.Indium 49 5 

Be Beryllium 4 .... 2 Sn . Tin 80 8 

B Boron 5 2 Sb -Antimony 51 5 

C - -Carbon 6 .. 2 Te -Tellurium 52 — 5 

N Nitrogen . 7 2 I Iodine . .. 53 5 

O Oxygen . ... 8 .. : Xe . Xenon 54 .. — 5 

F Fluorine 9.1 Ce Caesium .. . 55 • 

Ne . ._Neon 10 .. 2 Ba . Barium 56 6 

Na Sodium 11 8 La . -Lanthanum .... 57 6 

Mg . Magnesium .12 8 Ce ..Cerium* 58 f 

A1 Aluminum 18 8 Pr Praseodymium* 59 -. S 

Si .. Silicon 14 8 Nd ... Neodymium* 60 6 

P Phosphoius 15 t II Illinium* 61 — 6 

S Sulphur .16 ... 8 Sm .... Samarium* 62 • 

Cl Chlorine . 17 .. 8 Eu Europium* 63 6 

A . . >Argon 18 . 8 Od Gadolinium* 64 6 

K Potassium 19 ... 4 Tb ..Terbium* 65 6 

Ca Calcium 20 4 Dy .. Dysprosium* 66 6 

Sc Scandium .21 4 Ho Holmium* .67 0 

T1 Titanium . 22 4 Er .. Erbium* 68 .. — 6 

V Vanadium 23 4 Tm . .. Thulium* 69 - 6 

Cr . Chromium 24 . 4 Tb ... Ytterbium* 70 6 

Mn .. -Manganese 25 . . 4 Lu . Lutecium* 71 6 

Fe Iron 26 4 Hf . . Hafnium 72 6 

Co Cobalt 27 . . .. 4 Ta Tantalum 73 6 

Nl . ...Nickel .28 4 W . .. Tungsten 74 6 

Cu . Copper ... 29 4 Re . .. Rhenium 75 6 

Zn - . Zinc .. 80 4 Os Osmium 76 6 

Oa .Gallium .81 ...4 Ir . Iridium . 77 . 6 

Qe . . Germanium ... 32 .4 Pt Platinum 78 6 

As Arsenic .38 4 Au Gold 79 6 

Se Selenium .. 84 .. . 4 Hg Mercury 80 6 

Br . Bromine .. 85 4 T1 ...Thallium 81 6 

Kr Krypton ... 86 4 Pb . . J-ead 82 • 

Rb . . Rubidium .. . 87 5 Bi Bismuth 88 6 

Sr Strontium . . .. 88 . .. 5 Po Polonium 84 6 

Y . Yttrium .. 39 . ... 5 — Alabaminef - 85 • 

Zr Zirconium 40 . ... 5 Rn . ..Radon ..86 .... 6 

Cb Columblum .. . 41 5 — . Eka-caeslumt 87 7 

Mo Molybdenum 42 5 Ra .. Badium 88 7 

Ma Masurium 48 5 Ac -Actinium 89 7 

Ru Ruthenium ... ..^ 44 .. 5 Th Thorium 90 7 

Rh .. ..Rhodium 45 ... 5 Pa . Protoactinium 91 7 

Pd ...Palladium 46 .6 U .. . Uranium 92 7 


*TheBe elements are the Rare Earths tTentatlve name-element recently discovered. 
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Notice that it is possible to tabulate the 92 elements in such a way that each one 
has one more planetary electron per atom than the element above it. This fact led 
to the discovery of many elements which were missing in this table several years ago, 
for it was known that the element with the electron structure enabling it to ht into the 
missing place existed somewhere. Some of the missing elements were found to exist 
in the atmosphere around the sun, etc. The search for and final separation of the 
missing element radium by Madame Curie, is a thrilling chapter in the history of 
science. Elements 85 and 87 have recently been discovered and named tentatively. 
Those listed beyond bismuth, exhibit radioactive properties similar to those of radium. 
Hydrogen with only one planetary electron is the simplest of all atoms, and uranium 
with 92 planetary electrons is the heaviest and most complex. It is one of the unstable 
radioactive substances, since changes are constantly taking place in its atoms with 
accompanying releases of tremendous energy per unit mass and change of chemical 
nature. 

224. How radiations are produced: Normally, the planetary elec- 
tions are rotating around the nucleus of each atom in their proper imagin- 
ary orbits or shells and no external manifestations of energy are present. 
Each electron possesses a certain amount of potential energy depending 
on its distance from the nucleus. It requires the application of a force 
to move one of the electrons away from the atom, which would then con- 
tain an unbalanced positive charge. The actual potential energy becomes 
less as we pass from an outer shell to the one nearer the central positive 
nucleus. If, however, some external applied agency causes one of these 
electrons to be knocked or jarred out of its normal orbit or shell so that 
it is forced into one of the other shells an emission or absorption of 
energy takes place. If it is knocked from an outer to an inner orbit, the 
difference in energy corresponding to the two positions within the atom, 
must be given up in some other form This entire energy is radiated in 
the form of electromagnetic radiations and for each electron moved, a 
certain definite amount of energy known as one quantiun is radiated 
into space and propagated at the uniform speed of 186,000 miles or 
300,000.000 meters, per second. If an electron were to be removed from 
one shell to another farther away from the nucleus the potential energy 
of that electron would be increased and therefore work would have to be 
expended by the outside source to effect the transfer. Of course some ap- 
plied agent may cause this to happen to countless numbers of atoms simul- 
taneously in a body. Thus when electric current is sent through a gas 
such as neon, helium, etc., the gas becomes ionized due to a disturbance of 
the electron orbits of its atoms and when the atoms and electrons re-com- 
bine, electromagnetic energy is radiated at a frequency which produces 
the sensations of light on our optic nerve, so we say light is produced, 
^this principle is used in the neon sign lights which are so popular today 
for advertising purpose.s. Energy is being absorbed from the source of 
electric current in the act of ionization, and radiated when recombination 
of the electrons and atoms occurs. 

The converse of this action forms the basis of the operation of photo-electric cells 
used extensively in indu.strial devices, television and sound pictures. When an in- 
sulated, negatively charged metallic plate, is illuminated by lignt of suitable frequency 
or wavelength, it loses its charge because of a phoco-electric emission of electrons. 
It is supposed that the electrons are knocked loose and emitted from the atoms of the 
wietallic plate by the impact of the small quanta or bundles of energy which consti- 
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tute the electromagnetic light rays. A certain critical light frequency or color is 
necessary before the photo-electric emission takes place at all, depending on the mat- 
erial of the plate. For instance, for some metals, red light produces no emission while 
ultra-violet light is very effective. Only a few of the metals exhibit the photo-electric 
effect to any marked degree. In commercial photo-electric tubes or cells as they are 
called, various metals are used for the active surface depending upon the frequency 
or color of the light the cell is to be responsive to. For instance, zinc does not give 
off many electrons when exposed to ordinary light, but emits them quite freely when 
exposed to ultra-violet light. The commonly used metals for these cells are lithium, 
sodium, potassium, rubidium and caesium. The laws governing the photo-electric ef- 
fect have been a strong argument in favor of the quantum theory of the corpuscular 
nature of electromagnetic radiations. (Photo-electric cells will be studied in Chap. 32.) 

According to the Planck-Einstein theory of radiant energy, it is the 
scattering or radiating of these tiny units of radiant energy through 
space that constitutes the radio rays or waves that We commonly speak 
of. The exact nature of this radiant energy is not positively known as 
yet, nor is the exact way in which it travels through space known. We 
are not certain whether the energy is transmitted by a sort of wave- 
motion, as in the case of sound waves, or by tiny bundles of energy in a 
direct motion through space in straight lines like tiny bullets shot from a 
gun, and whether or not some material substance called the ether is neces- 
sary for their propagation through space. It is beyond the scope of this 
book to enter into an extended discussion of this subject, and even our 
most brilliant scientists have not yet reached definite conclusions on it. 
It seems probable at this time that the facts may best be explained by 
considering the wave theory to be an accurate representation of the facto 
when we have to deal with the operation of a large number of these bun- 
dles of energy (quanta), whereas in processes where an exchange of en- 
ergy due to a single quantum is concerned, the quantum theory is neces- 
sary for a satisfactory explanation of the conditions. 

Enerjary can be transmitted from one place to another by only one of two general 
means; either by a wave disturbance travelling through a medium which does not it- 
self move as a whole (as illustrated by the case of sound waves in Figs. 2 and 3), or 
by the motion of corpuscles of matter from some source (as illustrated by the case 
of buckshot issuing from a shotgun), as shown in Fig. 162. According to the wave 
theo'i'y, an electromagnetic disturbance travels in the former way, by a wave motion 
through the ether. According to the emission or corpuscular theory, electromagnetic 
disturbances are propagated by invisible rapidly moving particles whose size varies 
with the frequency. As it is impossible for most minds to think of waves without a 
medium to carry the wave motion, it has been supposed that a hypothetical ether exists 
in all space, this ether serving as the medium to carry the wave motion. If the wave 
theory is upheld, then it must be assumed that at all points on a surface through which 
an electromagnetic wave is passing, energy is uniformly and continuously distributed. 
If the corpu.scular theory is upheld, it must be assumed that the energy is distributed, 
discontinuously in isolated bundles or quanta, being concentrated at points. At the 
present time, many facts do not find an adequate explanation in the simple wave 
theory and the quantum theory does not satisfactorily explain all observed phenomena 
associated with all types of electromagnetic waves. It seems probable that a com- 
bination of parts of the two theories will explain the observed facts more satisfac- 
torily. The wave mechanics theory, which attempts to reconcile the conflicting views 
of these two theories, is rapidly gaining popularity. In this, it is assumed that in every 
mechanical system electrons are accompanied by waves. In this book we will speak 
of electrical and radio- waves and also of bundles of energy or quanta, when dealing 
with the propagation of electrical energy from the radio transmitting aerial to the 
receiving antenna. 
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The exact nature of the little bundles of energy is not yet positively 
Imown but it has been definitely established by a series of extremely deli- 
cate experiments performed by Professor R. A. Millikan, that a quantum 
shot off from an electron whose orbit lies close to the atomic nucleus is 
larger than a quantum that is radiated from an electron rotating in a 
larger orbit, further away from the nucleus. It is also known that the 
frequency of emission, that is, the number of groups or clouds of quanta 
shot off per second from electrons rotating in the inner orbits, is greater 
than the frequency of emission coming from electrons in the outer or 
larger orbits. The reason for this may be easily understood by remember- 
ing that the frequency depends entirely on how long it takes the electron 



Piff. 162 — (A) A bird may be killed at a distance by the concussion resulting from the ex- 
plosion of a large cannon. The disturbance travels thru the air ^ wave motion 
from the region of the explosion. This illustrates rather crudely the propagation 
of energy by wave motion. (B) The bird may also be killed by being struck by lead 
shot from a shotgun. In this case the energy travels directly thru the air from 
the gun to the bird. This illustrates crudely the corpuscular theory of propagation 
of electromagnetic energy in tiny bundles 


to travel back and forth over its path. The shorter the path of the elec- 
tron, the sooner it completes a round trip and is ready to start over again, 
and the more closely the outgoing streams of energy follow the preceeding 
ones, i.e., the higher the frequency and the shorter the wavelength. 

225. Frequency of electromagnetic radiations: Frequency, re- 
ferred to alternating electric currents flowing in conductors, means the 
number of times the current or flow of electrons reverses in direction 
each second. Frequency as we apply it to radio, is simply the number of 
groups of these bundles of energy that are shot off into space from the 
radio transmitting aerial every second. It follows that the so-called 
wavelength is simply the number of meters that one group or cloud of 
quanta has travelled before the next one is started on its way. The en- 
ergy is actually propagated through space at the speed of 186,000 miles 
or 300,000,000 meters per second. For example, if one million groups are 
shot off every second, the frequency will be one million, and each group 
will have travelled 300,000,000 1,000,000 or 300 meters before the next 

one is started. Therefore the ivavelength is 300 meters. The greater ear- 
ning power of the shorter radio waves (high frequency) of 100 meters or 
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less may be explained by considering that the higher the frequency the 
larger is the size of the individual particles of quanta radiated from the 
transmitting aerial. 

226. Familiar radiations: Radio waves or rays, radiant heat 
rays, visible light rays, ultra-violet light rays. X-rays, gamma rays emitted 
by radium, and the cosmic rays received from interstellar space, are all 
produced by similar electromagnetic radiations. The difference between 
them is that they are produced by radiations of different frequencies. 

In the chart of Fig. 163 the spectrum of all electromagnetic radiations and the 
audible sound waves is arranged for convenient study. The ether spectrum chart shows 
the various electromagnetic radiations divided up into bands according to their fre- 
quency in k.c. and cycles, and their wavelength in Angstrom units (1 Angstrom unit=z 
10 ® Cm.), meters and centimeters. The radiations having frequencies between 10 k.c. 
and about 60,000 k.c. constitute the so-called useful radio waves. This band is drawn 
to an enlarged scale at the top for convenience and labeled the Radio Spectrum. The 
small band from 560 to 1500 kilocycles is used for commercial radio and broadcasting, 
the transmitters of our common radio stations sending out into space electromag- 
netic radiations having frequencies lying within this band. The large band of higher 
frequencies between 1500 k.c. and about 60,000 k.c. is commonly term^ the Siwri 
wave band and is allotted for use by television broadcasting stations, amateur sta- 
tions, etc., as noted. Radio amateurs are constantly pushing down into the shorter 
waves (high frequencies) and much experimental work is now being done on fre- 
quencies as high as 300,000 k.c. (1 meter wavelength). The short radio waves and 
radio heat waves discovered by E. H. Nichols and Dr. J. Tear comprise the range 
from about 3,000,000 cycles to 300,000,000,000 cycles per second. 

Recently, radiations having frequencies between 10,000 and 14,000 k.c. (30 to 21 
meters wavelength) were found to create artificial fevers in human beings by raising 
the temperature of the blood stream. These may prove helpful in studying the 
causes and cures for various fevers and other diseases. Above these lie the heat 
and infra-red rays, then come the visible light rays, arranged according to frequency 
as follows, (lowest frequency first) red, orange, yellow, green, blue, violet. This band 
from 8000 to 4000 Angstrom units is drawn to an enlarged scale at the lower left, 
and is labeled the Photo-electric Spectrum. Then comes the ultra-violet rays which are 
invisible and are sometimes refen^ to as **black light”. These are given off by the 
sun, the electric arc, by X-ray tubes, etc. Above these is a gap which we know little 
about. Then come the X-rays, the gamma rays and the cosmic rays. The X-rays 
are produced in the X-ray tube by inpinging an electron stream travelling at speeds 
of the order of 100,000 miles per second on to a metallic target. Gamma rays are 
produced during the gradual disintegration of radium and by special recently developed 
forms of X-ray type Uibes in which enormously high voltages are used to impinge an 
electron stream at very high velocity on to a metallic target. 

Thus, all of the properties which we associate with the usual useful 
radio waves or rays, are produced by electromagnetic radiations having 
a frequency between 10 k.c. and 60,000 k.c. Radiations of higher fre- 
quency (shorter wavelength) produce manifestations peculiar to the 
shorter radio waves which are now beginning to be explored. For in- 
stance, during the ultra short wave transmission tests made across the 
English Channel on March 31, 1931, radiations having a wavelength of 
18 cm. were employed. Since these lie in the frequency region near the 
infra-red and visible light rays (see Fig. 163) they behave similarly in 
some respects to heat and light, rays, and ordinary reflectors were used 
at the transmitting, and receiving stations for concentrating them, just as 
reflectors are used for concentrating heat or light rays. These so-called 
quasi-opticcU rays will be studied in Art. 670. 
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of sound waves Is at the upper left for comparison. 
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Little is yet known about cosmic rays of the type which are received 
from interstellar space, excepting that they are of extremely high fre- 
quencies and very penetrating. Only recently two Swiss scientists Pro- 
fessor Auguste Picard and Charles Kipfer made a most perilous fli^t to 
an altitude of 62,000 feet in a specially constructed baloon solely to collect 
data on the extremely high frequency penetrating cosmic rays radiated 
from interstellar space. Mr. G. Pendray writing in the Herald Tribune 
of May 31, 1931 says of these rays: 

“Students of the cosmic rays, including their discoverer, Dr. Robert A. Millikan, 
of the California Institute of Technology, believe that thev arise in space through the 
creation of matter from electrons or protons, or through the building up of heavy 
atoms from lighter ones in the hot centers of stars or nebulae. The cosmic rays are 
distinguished from all others by their extremely short wavelength and exceedingly 
great power of penetration. There appears to be no other way to account for their 
origin except by assuming that they come from the stars or from space, and that 
they represent tremendous changes taking place somewhere, involving enormous 
amounts of energy. 

Some day, perhaps, when the true constitution and behavior of the atom and its 
components are thoroughly understood, a way will be devised to accomplish the* com- 
plete transformation of matter into energy. The present studies, however, look rather 
toward obtaining a portion of the terrific energy that would probably be released if it 
were possible to create new atoms out of “free*^ protons and electrons, or more likely 
still, by the building up of relatively heavier atoms, such as those of helium, from 
atoms of hydrogen. 

This is known as the development of power by “atomic transformation,’' as op- 
posed to the present method of developing energy by “chemical reaction.” When 
coal is burned, for instance, the heat is released through the chemical reactions of 
oxygen with carbon and other combustible material in the fuel. There is no change 
in the atoms of the materials concerned — only a change in the molecules. 

The only example we now have of atomic transformation, is that found in the 
radioactive elements, such as uranium and radium. In them a genuine change in the 
atom takes place, with the release of tremendous quantities of energy. This energy, 
unfortunately, is in such form that its conversion into mechanical power is difficult — 
though probably not impossible. If some way were to be found to transform more 
common elements in the same way, releasing energy of somewhat similar nature, it 
is likely that part, at least, could be converted into heat. 

Once that had been accomplished, the harnessing of the heat to do useful work 
would be relatively easy, and the energy thus secured, ir proportion to the amount of 
substance utilized, would be tremendous beyond human experience. A cheap and 
simple method of atomic transformation, even though much of the resulting energy 
were lost in the process, might well solve the power problems of the world for all 
time.” 

227. Effects produced by the common electromagnetic radiations: 

From the foregoing it is evident that radio rays, heat rays, visible light 
rays, ultra violet light rays. X-rays, radium rays, and cosmic rays, are 
really all produced by electromagnetic radiations and may all be ex- 
plained on exactly the same basis, see Fig. 164. They differ from the 
radio ra.vs only in frequency. Gamma rays are produced by radiations 
within a band of frequencies ilmost 4 octaves wide (an octave of a fre- 
quency is a frequency twice as high) : X-ray radiations cover a band 8 
octaves wide, as do also ultra-violet radiations. X-rays have the peculiar 
property of passing through substances which are opaque to longer waves. 
They are not able to excite the optic nerve but if allowed to fall on cer- 
tain fluorescent substdnees they cause these substances to emit radiations 
which do affect the eye and permit vision. Lead resists the passage of 
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JC-rays through it. The ultra-violet light radiations also do not affect the 
human eye directly, but their presence can be detected by a photo-electric 
cell or by a photographic plate upon which they produce the same photo- 
graphic effects that the ordinary visible light rays do. 

Our eyes are really radio receivers tuned to respond to only a very 
narrow band of very high frequencies or short wavelengths; a band of 
about one octave (see Fig. 163). When the frequency of radiation is 
about 400 million-million cycles per seconds, we perceive the color red 
by means of the impression made on our optic nerve. When it is in- 
creased to 760 million-million cycles our eyes interpret the rays as violet 
light. All other colors are caused by various frequencies or combinations 
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Fia 164 — Badio, heal or Infrared rays, visible haht rays, ultra\ lolet rays, X-rays, radium 
rays, and the cosniir lays are all similar electromagnetic radiations of energy — 
differing only in the ’’frequency” of radiation 


of frequencies lying within these two limits, as shown at the lower left 
of Fig. 163, outside of which our eyes cannot respond. Some grades of 
glass offer practically no opposition to light and little to heat. Metals 
offer little opposition to heat flow but are impervious to light. 

The heat perception centers of our skin are also tiny radio receivers 
which are tuned to frequencies somewhat lower than those to which our 
eyes respond, and the physiological sensation we receive in that case is 
one of heat instead of color. The infra red or heat radiation frequencies 
lie within a band about 8 octaves wide. The production of electromag- 
netic radiations, of frequencies which affect our senses to produce the 
sensations of heat and light of different colors, may be illustrated by the 
following simple experiment. 


Experiment: Heat a small piece of iron or steel (a hack-saw blade or a ten- 
penny nail will do) in a gas flame as shown at (A) of Fig. 165. It will hrst become 
warm and then hot, as you can prove by removing it from the flame every few seconds 
and placing your hand near it. Continuing the heating causes it to emit light and 
change color, flrat turning to a “dull red”, then a bright “cherry red”, to slightly “or- 
ange**, and Anally it gets “white hot’*. If the flame were hot enough to bring the 
temperature of the iron up 'to its melting point we would And it would give off a 
very bluish-white light just before melting. 

What has taken place during this experiment? Applying heat to the iron caused 
its molecules and atoms to vibrate faster and faster as its temperature increased. 
This rapid vibration caused some electrons to jump to other orbits than their own, 
rMulting in electromametic radiations within the particular band of frequencies 
which have the power of affecting our skin. Our nerves carried the effect to our brain, 
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where the intelliinble impression of heat was formed. As the heating was continued 
the rate of vibration of frequency of the molecules increased, causing the radiations 
to follow one another more closely, i.e., the frequency increased. Tliese hieher fre- 
quency radiations produced the sensation of light in our optic nerve ana became 
visible as red light Continuing the heating, increased the frequency of vibration of 
the molecules and radiations, resulting in the production of orange, yellow and finally 
blue- white light as shown by the wave band representation at (B). If we could in- 
crease the frequency of these electromagnetic radiations still more by some means, 
we would produce violet light, ultra-violet light, X-rays, and finally gamma rays and 
the cosmic rays. All of these radiations, heat, light, X-rays, gamma rays, etc., are 
fundamentally the same. They are all electromagnetic radiations differing only in 



Fig 16 S — Producing heat and visible sleet romagnetic radiations by heating a piece of Iron 
in a flame The spectrum of radiations produced is shown at (B). 

frequency. Sound waves differ from these in that there is nothing electrical about a 
sound wave, it is simply a mechanical vibration, or actual to and fro motion of air 
particles. 

228. How radio radiations are produced: There are many dif- 
ferent methods by which atoms can be made to radiate at various fre- 
quencies, but we must confine ourselves now only to the one used for pro- 
ducing radio rays. In order to produce the frequencies used for radio 
transmission, which are very much lower than those necessary for light 
and heat, we must establish what might be called an artificial electron 
orbit, having a circumference infinitely larger than the largest natural 
orbit of the electrons found within an atom. 

A coil of one or more turns of copper wire, or the aerial system of a 
radio transmitter, constitutes in effect, such an artificial orbit. If a 
stream of electrons, or in other words an electric current, is made to 
oscillate or flow back and forth in this circuit, radiation of quanta into 
space takes place at the same frequency as that of the electric current 
employed. If the frequency of the current lies between al^ut 10 kc and 
300,000 kc per second, the radiations produced will exhibit all of the 
properties which we associate with the so-called radio waves. One of the 
•most important of these is that these radiations will travel over long 
distances through space without excessive dimunition in strength, so they 
may be used for the transmission of messages. 
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The frequencies found useful for radio transmission are far below 
those which our eyes or skin respond to directly, therefore we are com- 
pelled to construct artificial receiving instruments. When radio rays 
strike a receiving antenna or loop of metal they induce an e.m.f. in it 
and this causes a minute electric current to flow back and forth in the 
wire at the same frequency at which the energy has radiated. This min- 
ute electric current can be greatly strengthened by tuning the receiving 
circuits to electrical resonance at the frequency of the induced e.m.f. 
or current, and may be further amplified thousands or even millions ol 
times and then converted into sound by the radio receiver. 

Naturally, the actual amount of energy picked up by a receiving an- 
tenna is extremely small. It has been estimated that the amount of en- 
ergy picked up by an average receiving antenna, coming from a broad- 
casting station 2,000 miles away, if made continuous day and night for 
thirty years, would about equal the energy expended by a common house 
fly in climbing up a wall a distance of one inch. The e.m.f. induced in 
an average receiving antenna by the radiations from a nearby broad- 
casting station of average power, is in the neighborhood of 50 microvolts 
(.00005 volts). Many modern radio receivers will produce a standard 
output of 50 milliwatts of power when as low as 5 microvolts is induced 
in the receiving antenna system of average dimensions connected to 
them (say 4 meters high and about 60 feet long). 

This conception of the electromagnetic radiations employed in radio 
work, while still incomplete in many details, is probably far nearer to 
the actual facts than the older theory of a simple wave-motion in a hypo- 
thetical substance called the “ether of space,” the actual existence of 
which has never been directly proved, while recent experiments seem 
strongly to indicate that it does not exist. 

We do not know everything there is to know about radio-frequency 
radiations any more than we know everything about electricity, but just 
as with the case of electricity, we know how they behave under various 
conditions, and we are finding out more and more about how to control 
them for useful purposes. The question of how they travel, and what 
conditions affect them, is being investigated by many of our most brilliant 
scientific men, and it is safe to say that the time is not far off when we 
will know as much about the behavior of these radiations as we now know 
about simple electric currents, for they make modern radio broadcasting 
possible. 

229. The broadcasting station: The electromagnetic radiations 
used in radio work are commonly produced by high-frequency alternating 
electric currents ( called the "carrier current”) flowing in suitably ar- 
ranged circuits in the tran.smitting stations. These circuits will be 
studied later. The high-frequency currents (500,000 to 1,600,000 cycles 
per second used in ordinary broadcasting) are generated by large vacuum 
tubes known a8.‘‘o8cillator8”, 8lnce it is not practical to generate them with 
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the rotating type of electrical generators employed for generating or- 
dinary 60 cycle a-c for electric light and power work. Each broadcast- 
ing station is assigned to broadcast or radiate energy at a definite fre- 
quency, by the government department in charge of licensing. Prac- 
tically, all stations in the same vicinity at least, are assigned to broad- 
cast on different frequencies or wavelengths, so that in any receiving 
station the principle of electrical resonance may be used to allow the re- 
ception and amplification of the signal energy of the particular station 
it is desired to receive and present such a high impedance to the flow of 
currents of all other frequencies (from other stations) that they are 
excluded from the circuits ; and therefore the other stations are not heard 
at the same time. This is accomplished by “tuning” the receiver. 

Thus, station W E A F in New York City transmits with a carrier 
current having a frequency of 660,000 cycles per second. The trans- 
mitting aerial of this station produces electromagnetic radiations of this 
frequency, which travel outward in all directions to the antennas of thous- 
ands of receiving stations located over a wide area. The wavelength of 
these radiations (and that of the station), is 300,000,000 divided by 660,000 
or approximately 454 meters. Also, station W A B C located near it, 
transmits with a carrier current of 860,000 cycles, or a wavelength of 
349 meters etc. Radio stations schedules and programs printed in news- 
papers usually give the frequency or wavelength of the station, or some- 
times both. For convenience in tuning for stations, the tuning dials on 
some radio receivers are calibrated in kc and others are calibrated in 
wavelength. Many are simply calibrated with a scale divided into 100 
equal parts, there being no direct relation between the scale divisions and 
either the wavelength or frequency. 

If our eyes were capable of responding to the radiations sent out 
from the aerials of radio transmitters, these aerials would appear to us 
like so many huge lighthouses flashing on and off, each one a different 
number of times per second corresponding to the sound vibrations in the 
program being transmitted, and all radiating their energry out into space 
to be picked up by the receiving stations. Since each transmitter sends 
out radiations of different frequency, these beams would all appear as 
lights of different colors to our eyes. Such a sight would truly be fan- 
tastic and wonderful to behold. It wguld also enable us to understand 
more easily just how these radio rays travel from each broadcasting sta- 
tion to the many receiving stations. 

REVIiiLW QUESTIONS 

1. What is meant by wave motion? What forms of wave mo- 
tions are you familiar with? 

2. What is the essential difference between the wave theory of the 
propagation of electromagnetic energy and the corpuscular or 
quantum theory ? 
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3. Explain by means of the latter, how electromagnetic radiations 
may be produced from a body. 

4. What is the velocity of propagation of all electromagnetic radia- 
tions? What is the relation between the wavelength, frequency 
and velocity of these types of radiations? 

6. A radio station broadcasts energy into the surrounding atmos- 
phere, using in its aerial circuit a current having a frequency 
of 700 kilocycles. What is the wavelength of the radiations 
produced? 

6. Does sound or light have the greater velocity? How could you 
prove your answer to be correct? 

7. What difference exists between radio-frequency electromagnetic 
radiations and (a) heat rays; (b) ultra-violet rays ; (c) X-rays; 
(d) the gamma rays from radium; (e) cosmic rays? 

8. State some of the different properties of the various waves of 
problem 7. 

9. A radio receiving set and the human eye both respond to electro- 
magnetic radiations. Why then, do we not see the radiations 
being sent out by the radio broadcasting stations all around us? 

10. What difference exists between those electromagnetic radiations 
which produce the sensation of red light and those which pro- 
duce the sensation of orange light? 



Chapter 15 

RADIO TRANSMISSION, THE BROADCASTING STATION 

THE PROBLEM OP RADIO-TELEPHONY — SIMPLE TRANSMISSION SYSTEM — 
PRACTICAL ASPECTS OF THE RADIATED ENERGY — TRANSMISSION SYSTEM 
WITH A GROUND — RADIATION RESISTANCE — THE MICROPHONE — ELE- 
MENTARY RADIO TELEPHONE TRANSMITTER — MICROPHONE MODULATION — 
PERCENTAGE MODULATION — PRACTICAL TRANSMISSION — THE BROADCAST- 
ING STATION — ELECTRICAL TRANSCRIPTIONS — REMOTE CONTROL — 
ARTIFICIAL SOUND EFFECTS — CHAIN-STATION HOOKUPS — 

REVIEW QUESTIONS. 


230. The problem of radio telephony: In Article 1 we mentioned 
that, in general the purpose of radio broadcasting or radio telephony is to 
transmit sound programs (speech or music) through the atmosphere to 
one or more receiving stations, without the use of connecting wires. The 
purpose of television broadcasting is to transmit visual scenes in more or 
less the same way. We also discussed the reasons why it was not practical 
to attempt to transmit the sound programs directly through the air, as in 
the case of one person speaking to another across a room. It was found 
that the problem could be solved satisfactorily by employing alternating 
currents of high frequency flowing in a suitable antenna system at the 
transmitting station. These currents produce electromagnetic and elec- 
trostatic fields (which we commonly call radio rays or waves) having the 
desirable property of radiating or spreading out into space in all direc- 
tions over great distances without serious decrease in strength. Further- 
more, it is possible by employing a suitable metallic electrical conductor 
(antenna wire) at any place through which these fields are travelling, to 
induce in this conductor electric potentials or voltages which can be 
strengthened or amplified. If the original sound waves in the trans- 
mitting station are made to affect the strength of the outgoing high-fre- 
quency currents and fields, then at the receiving station the received and 
amplified electrical impulses may be converted by suitable apparatus back 
into sound waves similar to those of the original sound program. 

We are now ready to study just how these high-frequency currents 
may be employed to produce the radiated electric fields through space. 

231. Simple transmission system: We have already mentioned 
that the high frequency alternating voltages or currents employed for 
radio transmission (frequencies employed in radio broadcasting are from 
500,000 to 1,600,000 cycles per second) are most conveniently generated 
by vacuum tubes connected up as oscillators. The operation of these 
will be studied later. Let us consider the simple transmission system 
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shown at (A) of Fig. 166. Here a simple vertical antenna wire AB ex- 
tends upward and a similar one AC extends downward to form a com- 
mon doublet antenna. A generator G, of high-frequency voltage is con- 
nected at their junction. The two wires AB and AC have some capaci- 
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tance between them and since a difference of jioteiitial is maintained be- 
tween them they rnaj be considered to act as the plates of a condenser 
with the air between actinjr as the dielectric The detailed actions of such 
a system may be explained as follow\s: 

Let U8 suppose the a-c alternator G is just startinj^ on a positive cycle and 
charges wire AB positively and AC negatively, that is, «*lf'^:tro^.s are transferred 
through the wire circuit in the direction shown by th»* ai rows anri are crowded into 
wire AC. This excess of electrons in AC caus*^s eiertnc forces to act on the atoms 
in the air dielectric between, and .strains or distorts the electron orbits of the in- 
dividual .itoms exactly a.s in the case of the ordinary condenser .studied in Fig. 83. 
These electric forces set up in the space around the antenna may be represented by 
imaginary electrostatic Imps of force D extending from one wire to the other as shown 
at (B). The student should always remember that these lines of force are imaginary, 
and are merely brought into our di.scussions to enable us to show the directions and 
intensity of these electric forces in diagrams. These electric forces immediately 
start to spread out from the antenna wires in all directions at the velocity of light 
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(186,000 miles per sec.)> In the meantime, the alternator voltage advances to the 
peak of the positive cycle as shown at (C), at which time the electrostatic lines of 
force reach a maximum value. While the e.m.f. has been rising, the flow of electrons 
through the wire (current) has been diminishing on account of the counter-charge 
built up by the crowding of the excess electrons into wire AC. As soon as the alter- 
nator voltage passes the maximum value and starts to decrease, as shown at (E) 
and (F), the excess electrons in wire AC immediately start to flow back into wire 
AB in the direction shown at (p)i wire AC is becoming less and less negative and wire 
AB becomes less and less positive, so that the strain on the electron orbits in the air 
dielectric around the wire diminishes and they tend to assume their normal positions, 
and we say that the electrostatic field around the wire diminishes as shown at (E). 
When the applied e.m.f. reaches zero, the field will also be zero. Now the alternator 
starts on its negative cycle as shown at (I), charging the wire AB negatively and 
the wire AC positively, that is, electrons are forced through the wire circuit in the 
direction shown by the arrows at (H) from wire AC and crowded into wire AB. The 
electrons in the dielectric are now strained in a direction opposite to the previous case 
(see Fig. 83) and an electrostatic field of force is again set up in the region surround- 
ing the antenna wires as shown at (H), but opposite in direction to what it was 
before. As the generator e.m.f. diminishes to zero again, as shown at (L), the elec- 
trons crowded into wire AB begin to flow back toward wire AC in the direction shown 
by the arrows in (K), the excess negative charge on AB diminishes and the strain on 
the electron orbits in the dielectric is also diminished again, so the electrostatic field is 
diminished as shown at (K). 

We have now completed one cycle of the applied e.m.f. Let us see just what has 
happened around the antenna wire during this time. First we see that an electro- 
static field was set up around it and died down during each half cycle, the direction 
on one half cycle being opposite to that during the next half. Also, during the cyde,« 
a flow of electrons took place through the antenna wires AB and AC, first downward, 
then upward, then downward, etc. This constitutes a flow of electric current in just 
the opposite direction. If we draw curves of the applied e.m.f. and antenna current 
together on the same axis 0-0 as shown at (M), observing proper regard for the in- 
stantaneous directions of flow and strength, we see that the antenna current leads 
the applied e.m.f. by a quarter cycle. This is exactly w'hat we should expect to find, 
since this is a condenser circuit. We also find that since current surges up and down 
in the antenna wires, a circular magnetic field will be produced around the wires at 
right angles to them in accordance with the principles of electromagnetism. This 
field may be represented by the circular imaginary lines of force E, at right angles 
to the electrostatic lines of force and to the antenna wires as shown at (N). At (0) 
both the electrostatic field 1) and the magnetic field E are shown in their true relative 
directions. In order to avoid confusion, the magnetic field is not showm on the previ- 
ous diagrams. The electrostatic and electromagnetic fields just discussed, which are 
set up in the immediate vicinity of the antenna wire are called the induction fieldM to 
distinguish them from the radiation fields which play the important part in radio 
communication. The induction field corresponds exactly to the field around, or as- 
sociated with, a wire carrying an alternating current in an ordinary electric light 
circuit, or the field in an ordinary transformer. The induction electrostatic field 
corresponds exactly to the electric field set up in the dielectric of any common con- 
denser in an a-c circuit. Since the induction electrostatic field is in phase with the 
applied e.m.f., the induction electromagnetic field is always in phase with the elec- 
tron or current flow^ producing it. and since the antenna current is one quarter cycle 
or 90 electrical degrees ahead of the applied e.m.f., it follows that the variations in 
the induction electromagnetic field always take place one quarter cycle ahead of those 
in the induction electrostatic field. 

232. Practical aspects of the radiated energy: The intensity of 

the induction electromagnetic field diminishes as the square of the dis- 
tance from the antenna, since it spreads out over a large area. This means 
that if its strength is a certain value at a distance of one foot from the 
antenna, the strength at 6 feet is one divided by 5 squared, or 1/25 as 
much. At 10 feet it is 1/100 as much, at 100 feet it is 1/10,000 as 
much. This means that the effects of the field rapidly weaken as the 
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distance from the antenna is increased. Therefore it plays practically 
no part in ordinary radio transmission, for at any considerable distance 
from the transmitter it does not exist at all. 

Siflrnals can be transmitted over relatively short distances by the induction field, 
oaing a-c of a frequency from about 300 to 3000 cycles. This is called '^inductive 
siraalling". One of its applications is in transmitting signals from a submerged 
cAle to a ship almost directly over the cable, to aid the ship in navigating in dark- 
ness and fog through congested harbors. 

Likewise, the induction electrostatic field around the antenna, dimin- 
ishes in strength directly as the distance from the transmitting antenna 
is increased. Thus at two feet from the antenna the strength is one-half 
of that at one fbot; at 1000 feet it is one one-thousandth of that at one 
foot etc. This assumes of course that there are no absorbing bodies in 
the path of the field. If the induction electrostatic and electromagnetic 
fields just described, diminish so rapidly in strength as we go away from 
the transmitting antenna and therefore do not take any important part 
in ordinary radio transmission over relatively long distances, what then 
makes it possible to receive our messages? The answer to this question 
is one of the things which our foremost scientists are now working hard 
to explain. We cannot see, feel or even measure these fields directly. We 
must measure them indirectly and must visualize them by means of the 
effects they produce. 

If we accept the explanation offered many years ago, and still regarded as being 
substantially correct by many, we will believe that before all of the electrostatic field 
has had time to return to the antenna wire at (E), and (F), of Fig. 166, the alter- 
nator G, starts on its negative cycle, charging the wire AB negatively, thereby setting 
up a field that is opposite to what it was before, making it impossible for the re- 
maining portion of the returning electrostatic field to give up its energy to the an- 
tenna. It is believed that this portion of the electrostatic field (called the radiation 
field) never returns to the antenna, but travels away from it with the velocity of 
light as a free wave, this action taking place during every half cycle of the alter- 
nator and continuir^ as long as the alternator voltage is applied to the antenna. It 
is assumed that this varying radiation field or electric force impresses in some way 
its variations or wave-form upon other vibrations, in the ether, which in turn, in 
some way transmit this wave-form with the speed of light through space, to be picked 
op to other electrical circuits, or antenna wires erected in its path. 

If we think along the lines of the quantum theory explained in the previous 
chapter however, it would seem that when we apply alternating e.m.f.’s, of hundreds 
or thousands of volts and havif^ the usual radio-frequencies of the order of say 
6()0,()<)0 cycles per second and higher, to the antenna circuit, the exceedingly rapid 
and intense straining action produced on the orbits of the planetary electrons of the 
atoms of the dielectric around the aerial wire, first in one direction and then in the 
opposite direction, as shown in Fig. 83, would cause many of them to be knocked 
from their normal orbits to orbits nearer the central nucleus of the atom. The differ- 
ence in energy corresponding to the two positions in the atom would then be given 
up in some other form, this extra energy being radiated in the form of electromag- 
netic radiations or little bundles of energy. For each electron knocked into a new 
orbit a quantum of energy would be radiated into space and propagated at the uni- 
form velocity of 1 86,060 miles per second. If we can visualize these tiny planetary 
electrons revolving about the nucleus in each atom, and can also visualize these al- 
most inconceivably rapid electric forces tending to knock the electrons around first 
one way and then the next, thousands of times every seqond, it does not require a 
unieli greater stretch of imagination to see them moving in toward the nucleus of 
the atom where they will be attracted with a greater force by the nucleus and be 
better able to resist the outside forces acting on them. 
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While the author is naturally inclined to favor the explanation he 
has presented above in terms of the quantum theory, he wishes to cau- 
tion the student against accepting either of these theories blindly at their 
face value. They have been given here in detail in an attempt to satisfy 
the natural curiosity of the student as to just how radio energy is pro- 
duced and transmitted, to give some idea of what may be going on in the 
space around radio transmitting stations, and as an incentive for the 
student to do some original thinking on the subject' for his own satis- 
faction and mental training. This entire new field of physics is stupend- 
ous in its possibilities and the student should try to reason these various 
actions out for himself to the best of his ability. 

Leaving, for the time being, the question of exactly what the structure 
of the radiated field actually is and how it is propagated, let us study 
several of its important characteristics which are definitely known as a 
result of experiment. 

First, no matter whether we assume that the energy is propagated in the form of 
electrostatic forces by a wave motion, or by quanta of energy radiated from the vicin- 
ity of the transmitting apparatus, it follows from our study of electric fields that the 
radiated electric field which is in motion will produce an associated magnetic field 
which IS at right angles to it at every instant. Since this magnetic field is product 
by the electrostatic field, any variations in it will be in phase with those of the elec- 
trostatic field. Thus the total radiation field really consists of a moving electro- 
static field of electric forces and an accompanying inseparable magnetic field caused 
by its motion. These are not to be confused with the induction electrostatic and 
magnetic fields discussed previously, they are entirely different and separate. Their 
form will be shown later in connection with an antenna with an earth connection in 
place of the lower wire in the doublet here considered. It can be shown mathematical- 
ly that the strength of the total radiation field falls off directly as the distance from 
the transmitter is increased. Thus, at a point a very short distance from the trans- 
mitting antenna, the intensity of the induction field may be stronger than that of the 
radiation field, but at greater distances, the induction field is exceedingly small com- 
pared with the radiation field, and its effect may be neglected so far as ordinary 
radio reception is concerned. 

Neglecting any absorption of energy by the earth, by tall buildings with grounded 
steel frameworks, etc., the total energy in the radiated wave remains constant. Hence 
as the wave advances, the energy -spreads out over an ever widening sphere with 
the transmitting antenna as a center, (assuming the antenna is not directional), and 
the amplitude of the variations in energy between the maximum and minimum during 
each cycle, decreases directly as the distance increases. The progressive decrease in 
amplitude of the radiated waves is somewhat analogous to the decrease in amplitude 
of water waves produced by throwing a stone in a body of water. As the wave dis- 
turbance spreads out in ever-widening circles, the amplitude of each succeeding wave 
and crest diminishes, since the original energy imparted to the water by the stone is 
spreading out over a larger and larger area. At great distances from the antenna 
the electric wave disturbance would be exactly perpendicular to the earth’s surface if 
the earth were a perfect conductor. It is evident of course that the distance in meters 
(wavelength) travelled by the radiated electromagnetic disturbance during the time 
it takes the antenna e.m.f. or current to complete one cycle is equal to 

300,000,000 

wavelength = 

frequency 

233. Transmission system with a ground: On ordinary broad- 
cast band wavelengths, a doublet of the type considered in Fig. 166 suit- 
able for radiating considerable amounts of power would have to be very 
long to be efficient, which means that the generating apparatus G, would 
have to be mounted very high. This, together with the cost of the high 
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supporting towers necessary to support the wires would be prohibitive. 
To overcome this difficulty, the lower half of the doublet is omitted and a 
connection to the earth is substituted for it, as shown at (A) of Fig. 167. 
The capacity effect then exists between the antenna and the earth, and 
the lower half of the electrostatic fields of Fig. 166 are missing altogether. 
In short wave transmission, where extremely high frequencies are em- 
ployed, doublets are commonly used, for in that case the wire of the doublet 


ANTENNA 



fig. 117 — (A) Condenser effect between antenna and irround. (B)-(D) Propasatiori of 

electric fields through space. 

need only be a few meters long. It is usually possible to secure a much 
more efficient antenna arrangement with a doublet, since the resistance 
of the ground connection and that of the ground itself is eliminated. 

The illustration at (B) of Fig. 167, represents what wo would see if the radiated 
electrostatic field and associated electromagnetic were visible and we took a vertical 
cross-section view or slice right through the atmosphere in the plane of this paper. 
The illustration shows the fields which have radiated into the space around the an- 
tenna during the time it took to complete two and one-half cycles. At A the field is 
upward, and was produced by the current flowing say upward in the antenna wire 
just two and one-half cycles ago. During that time, this part of the field has moved 
out a distance equal to two and one-half wavelengths from the antenna as shown. 
At B the field is downward. This part of the field was produced by current flowing 
downward in the antenna wire two cycles ago. The upward field at C was produced 

K a current flowing upward one cycle ago, etc. The radiated magnetic field is at 
angles to this electrostatic field and since it would be perpendicular to the plane 
e paper, part of it is shown in plan view at (D). The circular magnetic lines of 
force are shown as they would appear if we looked directly down on the transmitter 
from a balloon or aeroplane. Notice the comparative directions of the magnetic field 
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and the corresponding electrostatic field at (B) at any instant. The wave-form cor- 
responding to both is shown at (C). At the “maximum” points in each direction, the 
fields are maximum in strength; at the “zero” points, .the fields are zero. ’‘If the 
generator (G) were applying a sine-wave e.m.f. to the antenna circuit, these fadiated 
fields will follow one another in succession, each one being exactly like the next. 

The two radiated fields move outward from the antenna, at all times 
perpendicular to each other, the magnetic field being parallel to the 
ground and the electrostatic field being perpendicular to it. At the same 
time, both fields are at right angles to the direction of propagation. At 
great distances from the antenna, the electrostatic field would be exactly 
perpendicular to the earth, if the earth were a perfect conductor. Actually 
the resistance of the earth’s surface causes the field to tip forward some- 
what, as shown at (B). 

Possibly the following description by Dr. Fleming will serve to make 
the actions taking place during the propagation of these fields clear : 

“If we can imagine a being endowed with a kind of vision enabling 
him to see the lines of electric strain and magnetic flux in space, he, 
standing at any spot on the earth’s surface, would see, when the antenna 
was in action, bunches or groups of electric strain fly past. Near the 
earth’s surface these strain lines would be vertical. Alternate groups of 
lines of strain would be oppositely directed, and the spectator would alsd 
see groups of magnetic flux fly past, directed in a horizontal direction or 
parallel to the earth’s surface. The strain and flux lines would move with 
the velocity of light, 186,000 miles per second, or 300.000,000 meters per 
second, and the distance between two successive maxima of electric strain, 
directed in the same direction, would be the wavelength of the wave.” 

The higher the frequency of the applied e.m.f., the more the energy 
being radiated, the radiated energy being proportional to the aqvare of 
the frequency. This shows why it is necessary to use high frequencies 
to get a radiation field sufficiently strong to allow successful communica- 
tion with a medium amount of power employed. With the ordinary type 
of elevated antenna, the radiation field at a given point due to an alter- 
nating current having a frequency of 500,000 cycles (wavelength of 600 
meters) would be 25,000,000 times as strong as that produced by an equal 
current having a frequency of 100 cycles. This is the reason why high 
frequencies, or “radio frequencies”, are used for the carrier wave in radio 
transmission and why it is possible for the signals of amateur stations 
transmitting at frequencies above 6,000,000 cycles per second (below 60 
meters) to reach nearly around the world, employing powers of but a few 
Watts. 

234. Radiation resistance: An antenna of the common type dis- 
cussed here really forms a condenser. If the antenna were replaced by 
an air-dielectric condenser having no losses, and having a capacitance 
equal to that of the antenna, and the circuit were tuned to resonance by 
an antenna series inductance, it would be found that the current in this 
circuit is much larger than that obtained at the base of the antenna with 
the same power input, when the actual antenna itself is used instead of the 
condenser. 
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If a non-inductive resistance were now added to the condenser circuit and its re« 
sistance adjusted until the antenna current was the same( for the same power input) 
aa before, this value of resistance is called the total antenna resistance. The added 
resistance consumes energy at the same rate as the antenna, and therefore the total 
effective resistance of the antenna must be equivalent to this resistance added to the 
antenna circuit. The power consumed in either case is equal to PR, in which I is 
the current and R is the resistance. Hence the total antenna resistance may be de- 
fined as the effective resistance that is numerically equal to the quotient of the aver- 
age power in the entire antenna circuit divided by the square of the effective current 
at the point of maximum current. 

Of this total energy, part only is radiated away, the remainder being 
converted into heat in the aerial circuit. Now the effective resistance R 
may be looked upon as consisting of two separate component resistances, 
one acoounting for the losses in the aerial circuit including radio-fre- 
quency resistance of the conductors, ground resistance, insulator leak- 
age, dielectric losses, etc., and the other accounting for the useful power 
radiated. This latter fictitious resistance is called the radiation ref^ist- 
ance of the antenna; it is that equivalent resistance which, when multi- 
plied by the square of the antenna current, gives the useful power being 
radiated. The radiation resistance is used as a measure of the ability of 
an antenna to radiate power. An antenna with a high radiation resist- 
ance is a good radiator and vice versa. 

It can b« shown that the radiation resistance is proportional to the square of the 
effective height of the aerial, and to the square of the frequency or inversely pro- 
portional to the square of the wavelength. The effective height is not equal to the 
actual height of the horizontal portion above the ground because the earth U not a 
perfect conductor and trees, etc., influence radiation, and also because the vertical por- 
tion possesses capacity. Still, the effective height is roughly proportional to the 
actual elevation. 

235. The microphone: In order to broadcast sound programs by 
radio we must first convert the to-and-fro vibrations of the air which con- 
stitute the sound waves, into corresponding variations of current in an 
electric circuit. The device for accomplishing this is known as the micro- 
phone. There are several types of microphones in use in radio telephony 
and in sound picture work, but perhaps the simplest one for us to under- 
stand at this time is the popular carbon type. The others will be studied 
in Art. 649. The principle of operation of the carbon microphone used 
in radio is exactly the same as that of the common telephone transmitter 
used in millions of homes. The microphones used for radio broadcasting 
are designed to operate satisfactorily over a wide frequency range which 
includes both that of speech and that of musical frequencies up to around 
6,000 cycles. The ordinary house telephone transmitter is designed to 
operate only over the limited range of important speech frequencies from 
about 260 to 2700 cycles. 

The method by which the carbon microphone changes the air press- 
ure variations of sound waves into corresponding variations in current 
in an electric circuit, is really very simple, as we shall now see. 

At (A) of Fig. 168 we have a “single button” microphone of the simplest kind 
connected^ in series with a dry cell, or other source of low-voltage of constant e.m.f. 
In this circuit may also be placed a d-c milliammeter having a range from 0 to 60 
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milliamperes. The light diaphragm A, of thin flexible duraluminum, is rigidly fastened 
to the polished carbon button B, and is held more or less flxed around its outside edge 
by the insulated housing E. A second carbon button D, is fastened in place at the 
back as shown, and the space between is filled with tiny loosely packed carbon gran- 
ules C," about the size of fine granulated sugar. An electrical connection is made to 
each of the carbon buttons, so when the microphone is connected in an electrical 
circuit as shown, current must flow from one button through the carbon granules to 
the other one. The carbon granules make imperfect electrical contact with each other 
so they offer quite some resistance to the flow of current through them. In the com- 
mon type of broadcast microphone, this resistance is normally about 100 ohms-per-but- 

E 

ton. Therefore, a small steady current I— will normally flow through the 

R 



microphone circuit, where E is the applied voltage and R is the total resistance of the 
microphone and the rest of the circuit. This current will be indicated by the milli- 
ammeter in the circuit and is represented by No. 1 at the left of (D). Let us imagine 
now that someone speaks into the microphone. The sound waves which really con- 
sist of a series of alternate pressures and rarefactions in the air (see Fig. 3) will 
act against the diaphragm A and cause it to vibrate back and forth slightly in accord- 
ance with these pressures. For instance, when a pressure wave strikes the diaphragm, 
it pushes it in, as shown in exag^-erated form at (B). This causes button B to move in 
with it, compressing the carbon granules tighter together and thereby making better 
contact between their surfaces, decreasing their resistance accordingly, and allowing 
more current to flow through as shown at No. 2 in (D). If now a rarefaction follows 
the pressure wave, the diaphragm and button B spring outward as shown at (C). 
This diminishes the pressure on the carbon granules and they loosen up, thus increasing 
their contact resistance and allowing proportionately less current to flow through 
the circuit, as shown at No. 3 in (D). In this way, sound waves acting on the dia- 
phragm will causa variations in resistance of the microphone and corresponding varia- 
tions in the current through the circuit. If for instance, the letter “a” as in father 
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is spoken into the microphone, the sound waves are such that they will make the 
diaphra^rn) vibrate back and forth and the resistance and current will^ vary as shown 
at No. 4 in (D). Other sound waves cause even more complex variations in the cur- 
rent. 

A microphone arrangement of this kind is very sensitive to changes in pressure 
on the diaphragm, that is, the resistance of the many contacts between the carbon 
granules varies greatly as the pressure upon them is changed. An idea of the sensi- 
tivity of these devices may be gained from the fact that the diaphragm in the ordinary 
microphone does not move more than a few ten thousandths of an inch, when a sound 
wave is acting on it. The current which such a transmitter can safely carry is very 
small, (ordinary microphones are designed to carry only from 15 to 35 milliamperes 
continuously depending upon the size), because of the fact that heat is developed at 
the contacts of the granules due to the resistance. At a current of 20 milliamperes, 
if the resistance is 200 ohms, .02 X *02 y 200 or .08 watt of electrical energy is 
being dissipated in the microphone in the form of heat. A limit is soon reached be- 
yond which tiny electric “arcs” are developed between adjacent granules, the contect 
points of which become red hot and pack or stick together. When in this condition, 
the resistance does pot vary much with change of pressure and the microphone be- 
comes useless; also the intermittent arcs taking place cause spurts of current to 
flow through the microphone and w’hen these are amplified by the usual audio am- 
plifier they cause loud background sounds of a “scratchy” nature to be heard. A 
microphone that has become packed may usually Le brought back to normal by dis- 
connecting it and gently rotating or tapping it so as to shake up the carbon granules. 
The current in the microphone circuits of (A), (B) and (C) is a fluctuating uni- 
directional current when the microphone is spoken into, as shown at Nos. 1, 2, 3, and 4 
of (D). 

Experiment: The action taking place in a microphone may be demonstrated very 
simply by connecting up a 0-60 ampere d-c ammeter, a 6 volt storage battery, and two 
pieces of carbon, each about 2 inches square and one-eighth or more inches thick, all 
in series with each other as in (A) of Fig. Id8. The* carbon pieces are not con- 
nected together but are simply held face to face between the fingers. When a slight 
pressure is applied to press them together, the current will increase as shown by the 
ammeter reading. By quickly varying the pressure applied, the current and the am- 
meter needle may be made to fluctuate up and down quite rapidly. If the full 6 volt 
storage battery sends too much current through the circuit, tap off only one cell Use 
heavy wire for all the connections. 

If a transformer T, is connected in the circuit as shown at (E), an alternating 
voltage will be induced across the secondary by the fluctuating direct current flowing 
in the primary shown at No. 4 of (D). This is in accordance with the laws of 
electromagnetic induction, for when the microphone current through the primary is de- 
creasing, the magnetic field in the transformer is collapsing and an e.m.f. is induced 
in the secondary in such a direction as to tend to aid it in accordance with Lenz’s law; 
when the microphone current is increasing, the magnetic field in the transformer also 
increases and the induced e.m.f. is in the opposite direction so as to tend to oppose it, 
in accordance with Lenz’s law. Thus an alternating e.m.f. is bcung induced in the 
secondary winding. A microphone coupling t runs former of this kind is usually em- 
ployed for coupling a microphone circuit to a vacuum tube amplifier. Carbon type 
microphone circuits are usually energized by a 4V2 or 6 volt bank of dry cells or a 
storage battery. A current regulating variable resistor of about 400 ohms and a 
0-25 d-c milliammeter are usually included in the circuit to enable the operator to ad- 
just the microphone current to the best operating value. Single-button carbon micro- 
phones are used extensively for speech alone, in public address systems, etc. Where 
the entire musical range of sound is to be transmitted as in orchestra programs, etc., 
the double-button type is employed on account of its better frequency characteristics. 

By using two sections of carbon granules and making connections as 
shown in (F), some of the defects of the single-button carbon micro- 
phones are done away with. This is known as the double-button carbon 
type, and it is used extensively. 
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This microphone consists of a thin, light, duraluminum diaphragm stretched be- 
tween the two cups containing the carbon granules. A sound wave striking the dia- 
phragm causes it to vibrate back and forth on each pressure wave. This increases the 
pressure on the granules in one chamber and decreases the pressure in the other cham- 
ber an equal amount. Therefore, while the current in one side increases, that in the 
other side decreases. By arranging the transformer with a center-tapped primary 
winding as shown, it may be seen by actually tracing the path of the currents through 
the two halves of the winding and remembering Lenz’s law for electromagnetic in- 
duction, that since they flow in opposite directions their effects are such that an in- 
crease in the current say in the upper half tends to induce an e.m.f. into the secondary 
in the same direction as a decrease in current in the lower half does, and vice versa. 
Thus for a given variation in current, the e.m.f. induced in the secondary is twice as 
great as would be induced by only one side of the microphone, or by a single-button 
microphone. This makes a more sensitive arrangement and it also eliminates dis- 
tortion produced by “even” harmonics. Also the steady value of current flowing through 
the microphone does not magnetize the iron core of the transformer at all, since the 
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Fig. 169 — Left: Sectional view of pop- 
ular type of double-button carbon 
microphone used for outdoor pickup 
work in radio broadcasting 
Right: The same mike in its desk 
stand. 


field produced by the ^teady current in one half of the primary winding is exactly 
neutralized by that set up by current in the other half of the winding, provided the 
current through the two buttons has been adjusted to be the same. This is usually 
done by means of a 200 or 400 ohm variable resistor connected in each outside leg of 
the circuit at the points marked “R”. A current measuring jack J is usually provided 
in each outside leg of the circuit as shown, so that a milliammeter may be plugged 
into each side at intervals to check up on the current through each button. In the 
broadcast type microphone shown in Fig. 169, the operating current through each 
button should not exceed 25 milliamperes. The normal operating current is 20 milli- 
amperes per button. The difference between the current in the two sides should not 
exceed 5 milliamperes. The resistance of each button is about 100 ohms, and as the 
two are in reality in series for voice currents, the output impedance of the entire 
microphone is taken as 200 ohms. It is only the changes in the currents in the two 
sides of the microphone that produce a resultant flux in the core and an induced 
voltage in the secondary winding. Changes of voltage of the battery will have no 
effect at all on the secondary voltage, since any such change affects the currents 
through both sides equally and so the circuit still remains balanced. The idea of bal- 
ancing an increasing effect by a decreasing one, is used often in radio apparatus, since 
in general it eliminates distortion produced by even harmonics in the current or 
voltage. It is the basis of the push-pull system of connecting vacuum tube amplifier 
stages. 

The induced voltage variations set up across the secondary of the microphone 
transformer T are usually so feeble that in most applications they are amplified by a 
2 to 4 stage vacuum tube audio amplifier to bring them up to sufficient strength. 




848 


RADIO PHYSICS COURSE 


Two views of a very popular double-button carbon microphone used 
for many years in practically all American broadcasting stations and 
still used for most outdoor pickup work are shown in Fig. 169. 

At the left is a cut-away section of the microphone. The thin duraluminum dia- 
phragm is very tightly stretched and is placed a short distance from a flat metal 
plate. The stretching makes its natural vibration period very high so it is outside 
of the usual audio range encountered and will therefore prevent any blasting which 
would be caused by the sounding of a musical note of the same frequency as the 
resonant frequency of the diaphragm. Placing the diaphragm close to the flat metal 
j^ate gives a high damping effect due to the compression of the air between them. 
Iliis action is assisted by the cushioning effect of the air in the damping plate groove 
shown. Both of these features of construction help to make the variations in micro- 
phone current conform exactly to the variations in the impressed sound waves at all 
sound frequencies from about 60 to 6,000 cycles, so that the microphone faithfully 
reproduces these sounds; that is, it has a good flat frequency characteristic. They 
reduce the sensitiveness of the microphone however, so that proportionally more am- 
plification must be used in the circuits which follow. 

On account of the stretched diaphragm, these microphones used for 
public address and broadcast studio work are much less sensitive than the 
ordinary telephone transmitter, but their fidelity and frequency character- 
istics are infinitely better. Whereas an ordinary telephone transmitter has 
a workable frequency range only from about 250 to 2700 cycles, a high 
grade double-button broadcast type carbon microphone has a flat fre- 
quency characteristic from about 50 to 6,000 cycles or more. In these, 
special polished carbon balls are used instead of irregular carbon gran- 
ules. At least 2 or more stages of audio amplification are required to 
bring the output of microphones of this type up to loud speaker volume. 

The two piles of carbon granules, one above the diaphragm and one 
below it are clearly shown in Fig. 169. At the right the complete micro- 
phone in its housing for desk mounting is shown. The microphone is sus- 
pended in the case by springs to absorb all shocks and jars. A three prong 
plug serves to connect it to a proper receptacle in the studio. Carbon 
microphones of the type shown above are not used to any extent in high- 
class broadcasting stations today, excepting for outdoor pickup work. 
The condenser and magnetic type microphones, which will be described 
later, have practically supplanted them for this work, on account of their 
much more perfect reproduction and freedom from hissing and other back- 
ground noises which are present in carbon microphones due to small arcs 
which take place between the carbon granules. The advantage of the 
carbon type for portable outdoor pickup work is that since it is more sen- 
sitive than the above types it requires a less powerful and cumbersome 
amplifier. This is rather an important consideration in this type of work 
since the batteries required for these amplifiers are rather inconvenient 
to carry around from place to place. 

236. Elementary radio telephone transmitter: We are now ready 
to consider the operation of a simple radio telephone transmitting system. 
The simple transmitter shown at (B) of Fig. 167 will enable us to trans- 
mit electromagnetic radiations in all directions. These will induce corres- 
ponding e.m.f.s and electric currents in receiving antennas erected in their 
path. Let us suppose that the generator in the transmitting antenna cir- 
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cult supplies a high-frequency alternating voltage of steady value as shown 
by the voltage wave at (D) of Fig. 170. By this we mean that the max- 
imum value of the voltage during each successive half cycle is exactly 
equal to that during the previous half cycle, although it is in the opposite 
direction. The current in the antenna circuit will be of similar wave- 
form, and the train of electromagnetic waves radiated from the antenna 
will also be of similar wave-form as shown at (C) and (D) of Fig. 167. 
Consequently the e.m.f. induced in the receiving antenna will also look 



Fig 170 — Modulation of r-f carrier current m radio telephony 


like (D) of Fig. 170, but of course these e.m.f.s will be very much weaker 
in strength. Thus we have a continuous train of waves of uniform 
strength moving from the transmitter outward to the receiver. If we 
insert a switch or transmitter key in the antenna circuit as shown at (A), 
we can open and close the circuit at will, and thereby interrupt the flow 
of current and the train of waves sent out. If we opened and closed the 
switch according to some pre-arranged code of interruptions, forming 
short and long intervals of flows of current (dots and dashes), we could 
transmit messages which could be de-coded at the receiving end. The re- 
ceived e.m.f. or current waves in such a system would look like those at 
(E) of Fig. 170. Their representations as dots and dashes are marked 
directly below. This is the method used for continuous wave telegraphy. 

If a variable resistor R were connected in series with the circuit as 
shown at (B), the current in the antenna circuit at each.instant would be 
equal to the instantaneous value of the applied e.m.f. divided by the total 
antenna circuit impedance. With the resistor R at some flxed value. 
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the current would be as shown at the left of (F). If the resistor were 
set at a higher resistance value, the amplitude of the antenna current 
would be reduced, as shown at the middle of (F) . Now suppose we varied 
the resistance of the rheostat back and forth from its maximum to its 
minimum value; the amplitude of the antenna current would vary like- 
wise as shown at the right of (F). The successive transmitted fields 
would also vary in strength in exactly the same way and the e.m.f.s in- 
duced by them in any receiving antennas would also look exactly like them. 
By means of a variable resistor in the antenna circuit then, we have suc- 
ceeded in varying the strength or amplitude of the antenna current, the 
radiated fields, and the induced e.m.f. and current in the antennas of the 
receiving stations. This varying of the strength of the antenna current 
is called “amplitude modulation”. Another type of modulation in which 
the frequency of the current is modulated, is called “frequency modula- 
tion”. This will not be considered here as it is not in general use at the 
present time. 

237. Microphone as a modulator: It is not difficult to see that if 
we connect a microphone in the antenna circuit as shown at (C), the 
current in the circuit could be varied exactly in accordance with the move- 
ments caused by speaking against the diaphragm. This scheme can then 
be utilized for radio telephone transmission. Let us see how it operates: 

When the microphone is not being spoken into, the diaphragm remains stationary 
and exerts a constant pressure on the carbon granules. Their resistance therefore 
remains constant and the successive cycles of the radio frequency cun*ent in the an- 
tenna circuit are of constant maximum amplitude as shown at the left of (F) in Fig. 
170. If the diaphragm is pressed inward, the pressure on the carbon granules in- 
creases and the amplitude of the radio-frequency antenna current increases and re- 
mains constant at this value as long as the diaphragm is held in that position, as 
shown in the next series of current impulses at (F). When it is released the re- 
sistance and the current return to normal value. If the diaphragm is pulled outward, 
the pressure decreases, the resistance of the carbon granules increases, and the an- 
tenna current decreases and remains steady at the lower value shown at the middle 
of (F), as long as the diaphragm is held in this position. Suppose now that a 2,000 
cycle tuning fork is set vibrating and placed in front of the microphone, so that its 
sound waves cause the diaphragm of the microphone to vibrate at a frequency of 

2.000 cycles. In (G), if the line 0-0 represents the normal position of the microphone 
diaphragm when idle, then the sine-curve drawn above and below it represents the 
action of the diaphragm when the tuning fork is placed in front of the microphone. 
Thus the diaphragm assumes its maximum inward and outward positions 2,000 times 
per second and the resistance of the carbon granules varies accordingly. The high- 
frequency alternating antenna current flowing through the microphone will then vary 
in accordance with the wave-form shown at (H), changing from maximum strength 
to minimum and back to maximum again 2,000 times per second and the radiated 
energy varies accordingly, as shown at (H). If an “envelope” were drawn to enclose 
this representation of the current flow it would look like the dotted lines in this 
figure, having exactly the same shape as the curve at (G). The radio-frequency cur- 
rent is called the carrier current. The frequency of the microphone diaphragm, which 
in this case in 2,000 cycles per second, is the modulating frequency. 

Suppose the station were transmitting with a carrier current frequency of 

1.500.000 cycles per second (wavelength of 200 meters.) Then if this current is 
modulated at 2,000 cycles per second, one cycle of the modulation frequency lasts 
1/2000 of a second. During this 1/2000 of a second the radio frequency carrier current 
goes through 1,60(),000 _i. 2000 — 750 cycles. Consequently, if (H) were drawn ac- 
curately to scale, in one complete modulating wave from points 1 and 2, there would 
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be 76a cycles of the radio-frequency current, that is, during the time it takes for 
this particular sound or modulating wave to complete one cycle, this carrier current 
passes through 750 cycles. 

From the foregoing it follows that it is possible to modulate the 
carrier current by the voice and thus transmit speech and music. In- 
stead of placing a tuning fork in front of the microphone, one may talk 
or play into the mouthpiece. This will vibrate the diaphragm in accord- 
ance with the complex air vibrations produced when speaking or playing. 
When sounds from several sources are impressed on the microphone dia- 
phragm simultaneously, the diaphragm movement at any instant is in ac- 
cordance with the resultant air pressure wave produced by the combina- 
tion of all of the individual air pressure waves caused by the different indi- 
vidual sounds at that instant. In practice, it is not practical to employ a 
circuit as simple as that shown at (C) of Fig. 170, for several reasons. 
First, in order to set up a maximum flow of current in the antenna circuit 
with a given applied voltage, the antenna circuit should be tuned to re- 
sonance. This is done by means of tuning inductances and high-voltage 
condensers (see Fig. 176) connected in the antenna circuit. The source 
of high-frequency voltage is coupled to the antenna circuit by means of a 
tuning transformer, (see Fig. 176). Also since the microphone can only 
handle a fraction of a watt of electrical power it cannot be connected 
directly in the antenna circuit where the heavy antenna currents are 
flowing. Practical transmitting circuits employ a multistage audio am- 
plifier to boost the energy of the signal output of the microphone, as shown 
in Fig. 172. This goes to the modulator circuit where it is made to act 
upon the modulator tube which modulates the carrier current supplied by 
the oscillator, in accordance with the audio currents coming from the 
speech amplifier. The resulting modulated current is fed to the tuned 
antenna circuit. (See D of Fig. 171.) 

There are several possible forms of modulating systems in use, and 
while all of them do not operate exactly as decribed above, the system we 
have considered is perhaps the simplest one for the beginner to under- 
stand. A detailed study of various oscillator and modulator systems will 
be taken up in a later chapter. Also, the “percentage modulation,'’ or the 
degree to which the radio frequency, carrier current is varied in strength 
or “modulated” by the voice currents is a very important consideration in 
broadcasting of speech and music. 

238 . Practical transmission: Radio broadcasting stations which 
transmit speech and music, all operate more or less on the same general 
principle. It is true that not all stations are exactly alike, but for our 
purpose their individual differences need not be considered. In all of them, 
the programs are transmitted by means of carrier currents of very high 
frequency which are made to vary in strength (modulated) according 
to the intensity ^and frequency ot the sound waves to be transmitted. 
A steady carrier current of very high frequency, (the frequency is deter- 
mined by the operating wavelength of the station), is generated by means 
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MODULATED HIGH PPEQUENCY ':UPPENT 

Flff. 171 — Modulation of Direct, and 
High-frequency AUernating Cur- 
rant by Impressed Speech Fre- 
quencies 




of large vacuum tubes connected up 
as oscillators. This is shown at C 
of Fig. 171 and in Fig. 172A. 

Notice that it is an alternating 
current and that the height or 
strength of the current during each 
cycle is exactly the same as during 
any other cycle. The fact that vac- 
uum tubes suitably connected to a 
source of direct current and a spec- 
ial circuit, can be made to generate 
alternating currents of high fre- 
quency, (commonly called oscilla- 
tions), is really the foundation of 
our present broadcasting systems. 
At A is shown the steady unidirec- 
tional current through the micro- 
phone when no sound is impressed 
on it. At B, the impressed sound 
waves cause the diaphragm to vi- 
brate and the direct current in the 
microphone circuit is caused to vary 
in accordance with the sound. 

If the voice current of B is al- 
lowed to regulate the flow of the 
radio frequency current of C, that 
is, to “modulate"' it, the result is the 
modulated high-frequency current of 
D, called the modulated oscillating 
current. This current is no longer 
of constant amplitude, but its 


strength varies in exact accordance with the variations in strength and 


frequency of the voice current, or the spoken sounds. That is, the steady 


oscillating current has been modul- 



ated by the voice current. This is 
accomplished by a vacuum tube con- 
nected up as a modulator tube, 

A simple analogy which may 
make this action clear, is to think of 
the high-frequency carrier current 
as a steady' stream of water flowing 


Fig. 172 — Arrangement of main parte In 
Che circuit of a tranemitting atatlun. 


out of the nozzle of a rubber hose. 
The voice current is represented by 
an adjustable opening in the nozzle, 
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which is made to vary continuously in size by squeezing it between the 
fingers. If this variation in the opening is made to take place rapid- 
ly, the diameter of the stream will be varying constantly to conform to 
the size of the opening in the nozzle, and the stream of water issuing 
from the hose will look somewhat as shown by the dotted outline envelope 
at D of Fig. 171. 

The modulated oscillating current goes to the antenna circuit, where 
it produces radiations travelling in all directions. The frequency of these 
radiations is the same as that of the high-frequency carrier current, so that 
the frequency or wavelength of the station is controlled by adjusting the 
oscillator tube circuit. The actual broadcasting equipment is made up 



Kig 172A — Analysis of cunent changes taking place in various parts of a rndio-ielephone 
transmitter, starting at the microphone at the left 


of the main units related to each other as shown in Fig. 172. In Fig. 
172A, the types of currents existing in the various parts of this trans- 
mitting circuit are shown, starting with the fluctuating d-c microphone 
current at the left and ending with the modulated high-frequency fields 
radiated by the antenna at the right. 

239 . The broadcasting station: The speakers or artists perform 
in a studio (Fig. 173) where one or more microphones are located. This 
is usually a large room made sound-proof by means of special soundprooi 
wall and ceiling construction, so that no outside noises will be picked up 
by the microphone and broadcast. The walls and ceiling are usually 
covered with a special acoustic celotex board having small air pocket holes 
punched in its surface. This acts as a sound absorber or deadener and 
helps to prevent echoes and reverberations which might cause blasting in 
the program reception. The floor is covered with thick rugs to deaden 
echoes and prevent footsteps from being heard. A small control unit 
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having key switches, signal lights, and an intercommunicating telephone 
to the control room enables the announcer to switch the different micro- 
phones on or off and keep the control and radio station operators advised 
of the progress of the program. All microphone and control circuits are 
carried in lead-covered cables laid behind the wall sound-proofing. Con- 
nection boxes are usually located along the baseboard near the floor for 
the microphone outlets. The auxiliary studio is similar to the main 
studio but usually smaller, and is used principally for readings and lec- 
tures. Many of the larger stations have several large studios to enable 
them to run rehearsals while some other studio is “on the air”. 
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Fig. 173 — Interior of a Radio Broadcasting Studio During the Transmission of an Rarly 

Morning "Daily Dozen" Program 


Since the amount of current handled by the microphone is necessarily 
small, it must be amplified in order to be strong enough to properly affect 
the modulator tube when impressed upon it. This is done in the control 
room by a 3 or 4 stage speech amplifier. Between the microphone and 
the speech amplifier is the “mixer” panel into which terminate the cir- 
cuits from the various microphones which may be used for picking up 
music from different directions and points. The operator can boost or 
tune down the output of any one microphone at will, thus securing the 
best combined sound output. Since there is very wide variation between 
the loudness of voices and of musical in.struments, the speech amplifier 
must be capable of adjustment so that when a particularly loud part of a 
program comes through, the operator can cut down on the control and 
not allow as much current to pass through the amplifier. This is necessary 
in order to avoid distorted and unnatural reception, caused by overloading 
of both the transmitting and receiving apparatus. In most stations. 
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it is possible to reduce the amplification down to a very small fraction of 
maximum volume. This operation is accomplished continuously by a sta- 
tion operator and is known as monitoring. If the monitor is not quick 
and constantly on the alert, the loud notes of an orchestra may come in 
like thunder and the low, soft tones may be lost entirely. From here the 
circuit goes to the main control room, in which is a relay switching sys- 
tem to other studios, and a two stage line amplifier. 

The next part of the transmitter is the modulator. This is a vacuum 
tube device and in the usual plate-power-variation, or Heising constant- 
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Fig 174 —Pictorial view of the apparatus in a broadi-asting station of medium sixe. 


current method of modulation, it varies the plate power going into the 
oscillator tubes. In it, the plate voltage applied to the oscillator, (whose 
frequency is the “carrier” or high-frequency of the station), is varied by 
the audio-frequency modulating voltages. Since the oscillator current, and 
hence the antenna current, is proportional to the plate voltage, this cur- 
reht will vary, or be modulated by, the audio variations. The oscillator 
tubes are usually connected in a Meissner circuit for generating high-fre- 
quency oscillations. 

The plate circuits of the vacuum tubes used as oscillators must be 
supplied with high-voltage, direct-current power. The filaments of all 
the tubes take quite a large current at low voltage. In order to provide 
this, some stations employ motor-generator sets operating directly from 
the electric light and power lines. The output passes through a coil and 
condenser filter combination designed to take out the commutator ripples. 







356 


RADIO PHYSICS COURSE 


Other stations transform low voltage a-c to high voltage, and then rec- 
tify it, changing it to direct current by special forms of large vacuum tubes 
called Kenotrons. 

The station equipment also includes a special super-heterodyne re- 
ceiving set tuned to the wavelengths used in commercial ship work. One 
operator is constantly on duty at this set to listen for possible SOS dis- 
tress signals, so that the broadcast station can be taken off the air im- 
mediately upon their reception, to avoid possible signal interference. 



CourUiry National Broadeastinu Co 

Fig. 176 — Left: 11500 worth of vacuum tubes used In station WEAF At the left is the 
smallest size tube used in the station At the ri^ht is a UV862 tube used for 
generating the high frequency carrier current. Water is circulated in the metal 
jacket at the bottom 

Right: Operating control room at WEAF At the left center is the oscillograph on 
which a continuous moving picture of the station output may be ob.served 


Fig. 174 shows a pictorial view of the apparatus in a modern broad- 
casting station. The various parts and circuits are labeled for easy refer- 
ence. •This is the complete equipment for a 1,000 watt station. The 
storage batteries are used to operate the speech amplifier. 

At the left of Fig. 175, 1,600 dollars worth of vacuum tubes used in 
a transmitting .station are shown. Mr. Gray, in charge of station WEAF 
is holding the smallest size tube u.sed in this station, and Mr. Guy is hold- 
ing a UV-826, the largest size tube used in modern radio stations. This 
station broadcasts with a power of 50,000 watts, and large water-cooled 
tubes of this kind connected as oscillators produce the high-frequency 
carrier current. At the right is shown the operating control room appara- 
tus at this same station. At the left-center of this illustration may be 
seen the oscillograph on which a continuous moving picture of the station 
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output may be observed so that the attendant may accurately control the 
degree of modulation and keep an accurate check on the quality of the 
transmission at all times. 

At the left part of Fig. 176, may be seen the rectifier tube system 
of station WEAF, which makes available 12 amperes at 18,000 volts d-c 
for the plate circuits of the oscillator tubes. At the upper right of this 
part of the illustration are the huge aluminum disc high-voltage tuning 
condensers and below them the tuning inductance wound with copper 
strips on a wooden framework. At the right is shown a section of the 
main transmitter room and the operator’s control desk, from which the 
amplifying and switching equipment is controlled. The low-power units. 
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Fig. 176 — Left: Rear view of part of station WEAF transmitting equipment The rectiflera 
are at the ieft The huge high voltage tuning condensers and tuning coil are at the 
right. 

Right: Section of the main transmitter room and operator’s control desk 

including modulating and frequency control-devices, are at the left ; in the 
left center is the 50 K.W. power amplifier ; in the right center is the 20,000 
volt high-power rectifier and at the extreme right are the power control 
equipment and dummy antenna system used for test purposes. 

240. Electrical transcriptions: Although broadcast programs re- 
produced from the ordinary phonograph disc were common in the smaller 
stations even a few years ago, the latest improvements in the method of 
recording and reproducing sound programs on high quality phonograph 
records has increased the use of the special disc records as a source of 
broadcast station programs instead of. having the artists perform per- 
sonally before the microphone. When used for radio broadcasting pur- 
poses, they are called eleci^rical transcriptions. The method employed, is 
simply to use an electrically driven phonograph turntable with an electrical 
pickup unit (see Art. 641) playing from the record and feeding directly 
to the speech amplifier in the station. This modulates the carrier current 
in the usual way.. 

The latest technical developments in the art have made possible the 
inscribing of a tone range extending from 30 to 9000 cycles in these discs. 
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This is far greater than can be distributed from studios to outlet stations 
by any other means. At the same time, facilities have become available 
to broadcasting stations for reproducing slow-speed transcriptions with- 
out the speed changes heretofore characteristic of phonograph reproduc- 
tions. The combined use of these two major developments in this held, 
which have come to the forefront only lately, have won instant recog- 
nition by program sponsors and broadcasting stations alike. The elec- 
trical transcription method of broadcasting enables those smaller sta- 
tions located, either in or away from the large cities, which cannot con- 
veniently obtain the services of high-grade performers, to broadcast from 
records which were made in the cities by these highly paid artists. Thus 
the cost of a performance by such aitists is spread out over a large num- 
ber of duplicate records made and rented to the small stations. This en- 
ables them to offer programs of a quality and appeal which they would 
otherwise be unable to afford. 

241. Remote control: If the broadcasting originates at some 
point away from the station, as in the case of a football game or other 
event, the microphones and usually a speech amplifier are installed at the 
field and special wire telephone lines are run to the transmitting apparatus 
in the broadcasting station. Usually, existing telephone lines are rented 
from the telephone company. Some stations employ a portable short 
wave radiophone transmitter of low' power which is sent to the scene of 
activity, and the program is transmitted by radio directly from there to 
the main broadcasting station, where it is received and re-broadcast with 
increased power. 

242. Artificial sound effects: Practically all broadcasting noises 
accompanying plays, special programs, etc., must be made to order in 
the studio. A most critical audience, often numbering millions of people, 
lends careful ears to the synthetic .sounds. The action of a radio play is 
as broad as that in a theater, and the faithfulness of the illusion depends 
largely upon synthetic sounds. 

An airplane engine, if picked up outdoors, would be heard for what 
it is. Inside a studio, the reverberations and echoes, clashing against 
the walls, would give the radio listener nothing but noi.se. But an old- 
fashioned foot-pump organ makes a noise exactly like an airplane motor 
and is used to create this effect in radio broadcasting. 

The “zz-z-zziii— nnn-nngg-g-gg” of a bullet is simulated by plucking 
the steel string of a guitar. Hoof beats are hard to fake. Fire is simu- 
lated by cracking a bundle of canes together. Hissing water is easily imi- 
tated by letting off compressed air. If a house collapses, a box of bricks 
are allowed to fall down a chute. A firecracker celebration on the roof 
gives the radio listener an idea that a battle is taking place. Machine 
guns are simulated by riveting machines. Many ingenious devices have 
been developed for producing sounds of all descriptions and they are work- 
ed out so well that even careful listeners can never tell the difference. 
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242A. Chain-station hookups: It is often desirable to broadcast 
a single elaborate broadcast program over a number of stations simul- 
taneously, to cover a large area, — especially for advertising purposes. 
The method which has been applied most successfully for achieving wide- 
spread distribution of a broadcast program, is that of interconnecting 
a number of stations by suitable telephone wire circuits so that they all 
broadcast the same program simultaneously. This is called a chain-station 
hookup. These broadcasting stations, located at strategic points scattered 
over the wide area to be served, permit the large majority of listeners 
to receive the program just as satisfactorily as they receive local pro- 
grams. 

In a chain-station hookup, the audio-frequency currents from the 
microphone which picks up the program, after passing through the con- 
trol operator’s amplifier, are delivered to a system of telephone lines 
which in many respects resembles an electric power-distributing network. 
Trunk wires go out from the program center to various parts of the 
country, and from these at appropriate points, connecting wires branch 
off to the broadcasting stations. Telephone repeaters are placed in the 
circuits at suitable points to amplify the currents so that they may reach 
the broadcasting stations without material loss in volume. As has al- 
ready been pointed out, distortion of the telephone currents must be very 
small, or the faithfulness of reproduction at the receiving points will be 
spoiled. On this account, the very best kinds of telephone circuits and 
associated apparatus are employed. 

REVIEW QUESTIONS 

1. Explain with the aid of diagrams, what your understanding is 
of the way in which electromagnetic radiations are produced 
and sent out from the antenna of a radio transmitting station. 

2. What is the induction field around a transmitting antenna? What 
is the radiation field ? 

3. Is it the induction field or the radiation field that is useful in 
radio communication? Why? 

4. What is the phase relation between the radiation electrostatic 
field and the radiation electromagnetic field? How are they re- 
lated ? 

5. State one reason why radio signals can be transmitted further 
with a given expenditure of power by means of very high fre- 
quency radiations (short waves) than they can by the use of 
lower frequencies. 

6. Explain an application of signalling by means of the induction 
magnetic field around a conductor. 

7. Draw a difigram show’ing the relative directions of the radiated 
electrostatic field from an antenna and its associated magnetic 
field in space. 

8. How does a doublet antenna differ from an ordinary grounded 
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antenna? Why are doublet antennas used extensively in short 
wave work and not for broadcast band (200 to 600 meters) re- 
ception ? 

9. What is meant by the “radiation resistance” of an antenna? 
Would a good transmitting antenna have a high value of radia- 
tion resistance or a low value? Why? 

10. Explain the construction and operation of the single-button car- 
bon microphone. 

11. Explain the construction and operation of the double-button 
carbon microphone. 

12. Why is a carbon microphone of the type used for broadcasting 
purposes less sensitive than the transmitter used in ordinary 
telephones ? 

13. Explain how the changes in the current flowing through both 
sides of a double button microphone are made to add their ef- 

■ fects in the split primary of the microphone transformer 

14. Why is it that an alternating e.m.f. is induced in the secondary 
winding of a microphone transformer when the fluctuating direct 
current from the microphone flows through its primary? 

16. Draw a diagram of a simple arrangement whereby you could 
transmit sound impulses by means of a microphone, a source of 
steady high-frequency r-f current, and a suitable energy radia- 
tor. Explain its operation, bringing out the detailed explana- 
tion of how the microphone modulates the r-f current. 

17. Draw an outline diagram showing the connections of the fol- 
lowing main parts of a radio broadcasting station ; microphone, 
speech amplifler, oscillator, modulator, and antenna system. Ex- 
plain in progressive order the actions taking place, from the 
microphone input to the outgoing modulated waves. 

18. What is the purpose of “monitoring” In a broadcasting station? 

19. Why are broadcasting studios lined with special sound deaden- 
ing or absorbing materials? 

20. Explain the method of broadcasting by means of “electrical 
transcriptions”. 

21. How are programs originating at places outside of the broad- 
casting studio, broadcast? 

22. Why must a speech amplifler be used at the point of the pickup 
in a case of remote program pickup of this kind? 

23. What produces such sounds as the whirring of an engine, firing 
of guns, noise of a locomotive, etc., which are heard in a broad- 
cast program originating in the studio of a broadcasting station? 

24. What is the electrical difference between a “short wave” trans- 
mitting station and a “broadcast band” transmitting station? 

25. A broadcasting station is transmitting at a wavelength of 250 
meters. What is the frequency of the carrier current gen- 
erated by its oscillator tubes?. 
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THE RECEIVING STATION, DETECTION WITH CRYSTALS 

HOW THE ENERGY IS RECEIVTID — INDUCING VOLTAGE IN THE RECEIVING AN- 
TENNA — NECESSITY FOR TUNING — SINGLE CIRCUIT TUNfiR — TUNING THE 
SECONDARY CIRCUIT — TWO CIRCUIT TUNER — GAIN PRODUCED BY TUNED 
CIRCUIT — CHANGING THE ELECTRICAL ENERGY TO SOUND — EARPHONE 
OPERATION — NEED FOR THE DETECTOR — THE CRYSTAL DETECTOR — DE- 
TECTOR ACTION — THE CARBORUNDUM CRYSTAL DETECTOR — CONSTRUCTING 
A CRYSTAL RECEIVER — OPERATION OF THE ENTIRE RECEIVER — MEASURING 

CRYSTAL DETECTOR CHARACTERISTICS — LIMITATIONS OF CRYSTAL 
RECEIVERS — REVIEW QUESTIONS. 

243. How the energy is received: The purpose of this chapter 
is not to present a complete description of modern sensitive receiving sets, 
but simply to set before the student an elementary conception of how the 
radio energy is received at the receiving station and what must be done to 
it to convert it most efficiently into a form that we are able to hear. While 
it is true that receivers with crystal detectors are used very little at the 
present time, the author has found that the student can gain a great deal 
of fundamental theory concerning radio receivers by studying a simple 
crystal receiver at first. By doing this, most of the theory of tuning and 
detector action may be developed simply, without the necessity for in- 
troducing any of the complications brought in by vacuum tubes. After 
these receiver fundamentals are firmly grasped, the study of vacuum tube 
receivers can be pursued with ease. 

It will be remembered from the previous chapter, that in the broadcasting station 
we allow the sound waves to act on the microphone, producing corresponding variations 
of an electric current, as shown at the left of Fig. 172A. This varying microphone 
current is amplified by a speech amplifier and fed into the modulator circuit where it 
is made to modulate or vary the strength of the individual cycles of the radio fre- 
quency carrier current generated by the oscillator. The resulting carrier current is 
modulated or varied in strength somewhat as shown at D of Fig. 171, and at Fig. 
172A, depending of course on the particular sound transmitted. This modulate 
radio-frequency energy is coupled to the antenna or radiating system. Here it sets 
up an electric field that radiates out in all directions at the rate of 186,000 miles or 
300,000,000 meters, per second. Since the energy spreads out over a wide area, the 
amplitude of the fields varies inversely as the distance from the transmitting antenna. 
At twice the distance their amplitude is halved, at four times the distance it is one- 
quarter as much, .etc. The radiated energy is in the form of a rapidly fluctuating 
electrostatic field with its accompanying magnetic field. In practical transmission, 
there is also a decrease in strength due to the fact that whenever the waves strike 
any object in which they can produce electric current (such as the steel framework 
of a building), currents are produced at the expense of the energy of the waves, and 
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beat up to a minute desrree, the material in which they flow. This dissipation of en- 
ergy acts simultaneously with the inverse distance effect to reduce the strength of 
the waves and the signals received, as the distance from the transmitter increases. 
The latter effect is especially great around large cities like New York, Chicago, etc., 
and is one of the reasons for poor **distance” reception in these cities. 

It should be remembered that these fields go through every non- 
metallic body which may be in their path. If now, a conductor of any 
kind is erected in their path, as for example the aerial wire shown in Fig. 
177, a voltage will be induced in it by the rapidly passing fields. In the 
case of the reception of very high-frequency fields (short wave work), the 
antenna may consist merely of a wire, as shown at Fig. 166, but with the 
receiving apparatus at the center instead of the generator. This is called 
a “doublet"’ antenna. In order to be efficient for broadcast band reception, 
the length of such a doublet would have to be too long to be practical. 

Therefore an antenna or aerial wire 
of the form shown in Fig. 177 is 
commonly erected. 

Note: The words aeriaU and antenna 
are used interchangeably by thf layman, al- 
though accurately speaking, the top or ele- 
vated portion of the antenna is the aerial, 
and that portion which completes the elec- 
trical connection between the elevated aerial 
portion and the instruments is the lead-in. 
The antenna is the entire system consist- 
ing of the aerial and lead-in together. 

The antenna usually employed consists of a flat-top aerial portion 
which is connected to the radio receiver by the lead-in wire. The other 
side of the receiver circuit is connected to the ground either by connect- 
ing it to a metal plate buried in the ground, or connecting it to a water 
pipe which serves the same purpose, since the pipe runs through the 
ground for a considerable distance and therefore makes electrical con- 
tact with it. It is evident from Fig. 177, that the combined aerial and 
the lead-in wires form one plate of a condenser and the earth and 
ground wire form the other. The distributed capacity action thus set up 
is illustrated by the small condensers shown distributed at intervals be- 
tween the ground and these parts in this illustration. The capacitance 
of a simple receiving antenna of the type shown and used for radio broad- 
casting reception, may be as much as 150 to 300 micro-microfarads (200 
mmfd. being a good average). The inductance of the wire may be as 
much as 50 to 100 microhenries and the total resistance may be anywhere 
from 25 to 100 ohms, depending on the length of the wires, resistance of 
the ground contact, etc. 

Note: The arbitrarily selected standard receiving antenna which is used in meas- 
unment work is an antenna of 4 meters effective height, 26 ohms resistance, 200 micro- 
microfarads capacitance and 20 microhenries inductance. Such a standard antenna 
may easily be constructed artificially for test- purposes (except as to height). 
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Fig. 177 — How the antenna wire forma a 
condenser with the earth or ground. 



THE RECEIVING STATION, DETECTION WITH CRYSTALS 363 


244. Inducing voltage in the receiving antenna: We may con- 
sider the voltage induced in the aerial circuit to really be caused by the 
following two actions : 

• First, the passing electrostatic fields which are alternating in direction very rapidly 
(at a rate equal to the carrier frequency of the broadcasting station), produce distor- 
tion of the electron orbits in the air dielectric around the antenna system. This causes 
unbalanced electrical forces which tend to cause motion of the free electrons in the 
antenna wire in contact with the atmosphere; in other words an e.m.f. is induced in the 
wire. The e.m.f. will vary in direction and strength exactly in accordance with the 
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Fla. 178— OscilloKraph photograph of a earner wave modulated by the words , 

shire. Concord,” and “MancheMer " Notice the rapid and complex vai iations 

of the current. 


variations in the passing fields, which as we have seen, may be represented by the 
modulated curves at D of Fig. 171. The action is practically the converse of the actioif 
taking place during the charg. .g of a condenser by an applied e.m.f. as in Fig. 83. 

The other portion of the induced e.m.f. may be considered as being caused by the 
electromagnetic induction set up by the rapid movement of the passing electromagnetic 
field. The high-frequency e.m.f. induced in the antenna circuit will cause a surge of 
electrons rapidly up and down the circuit at a frequency equal to that of the carrier 
wave of the transmitting station, the strength of the individual cycles varying in ac- 
cordance with the modulation impressed on the carrier wave, as shown at D of Fig. 171. 

The electrons surge up and down very rapidly in the antenna cir- 
cuit. a surge taking place every time a wave of radio energy passes the 
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ntenna. This flow of electrons constitutes a flow of electric current. 
Fig. 178 shows the complex variations in the current set up in an antenna 
circuit by the passing waves of a single broadcasting station when the 
carrier wave of the station is being modulated by the words “New Hamp- 
shire”, “Concord” and “Manchester” spoken into the microphone in the 
studio. It should be remembered that this current is an exact duplicate, 
as regards wave-form of that sent out from the broadcasting station, that 
is, the rises and falls of the e.m.f. and current in the receiving antenna 
circuit will follow exactly those in the transmitting antenna, the only 
change being that the voltages set up in the receiving antenna are un- 
believably small, being in the order of a few millionths of a volt (micro- 
volts), see Art. 348. 

A connection to the earth is not necessary for the reception of radio signals. 
Anything which will serve the same purpose as the ground does in forming the other 
plate of the condenser made up by the antenna circuit, will operate just as well. We 
usually employ a connection to the ground for this purpose simply because this can 
be conveniently obtained by simply connecting to a conveniently located water pipe. 
This saves us the trouble of erecting a counterpoise. In some radio receiver installa- 
tions, as in the case of a receiving set in a moving automobile or aeroplane, it is not 
possible to make an actual connection to the ground. The ‘‘ground’* side of the an- 
tenna circuit may be connected to a wire or network of wires supported a short dis- 
tance above the earth and insulated from it. This network of wires then acts as one 
plate of a condenser (taking the place of the ground) and the antenna as the other 
plate. It is called a eouvterpoise ground. The counterpoise is usually located directly 
under the antenna. When a radio receiver is operated in an automobile, a short wire 
is erected in the roof of the car, and the nlfetal frame and body of the car are used 
as a counterpoise ground. In an aeroplane, the engine frame and bracing wires are 
electrically connected together and used as a counterpoise; a trailing copper wire usual- 
ly being employed as an antenna. Instead of a suspended antenna wire and counter- . 
poise, two metal plates or sheets of copper wire netting separated and insulated from 
each other may be used, one as the antenna and the other as the counterpoise. This 
scheme is also used in some “automobile receiver” installations as we shall see in Art. 
532. The important point to remember is that the ordinary capacity-type antenna system 
really consists of two conductors separated from each other, and so arranged with the 
receiving equipment that electrons can surge back and forth through the circuit from 
one of these conductors to the other many times every second, this constituting a flow 
of current. These two conductors may take any one of many forms. We ordinarily 
make a connection to the earth simply because this saves us the trouble of erecting 
a counterpoise. In many cases where the earth is dry and rocky and therefore has 
quite high resistance, a correctly designed counterpoise ground (being of much lower 
resistance) will greatly improve the reception. Some receivers (especially those elec- 
trically operated) apparently work without any connection to the ground terminal of 
the set. In this case a counterpoise ground is being formed by the wires in the set, 
by the capacity action between the wires in tne set and the ordinary ground, or by 
capacity to the electric light circuit which comes to the receiver and which always 
has one side grounded. 

If a loop or coil antenna is used at the receiving station, the voltage 
induced in it is due almost entirely to the action of the magnetic fleld 
alone. This will be discussed in Art. 607 when dealing with “loop antennas.” 

245. Necessity for tuning: Up to this point in our discussion, we 
have assumed for simplicity that the only voltage induced in our receiving 
antenna is that caused by the action of the radiated flelds of the one sta- 
tion we desire to receive. Although it may seem surprising at first, it is 
nevertheless true that practically every radio station in the entire world 



THE RECEIVING STATION, DETECTION WITH CRYSTALS 366 


which is broadcasting radiations of any frequency (whether the trans- 
mission be that of code messages or sound programs) , will induce voltages 
of corresponding frequency in our antenna circuit and therefore cause 
currents to flow up and down in it. The radiated fields from a 6-watt sta- 
tion located 1000 miles away are impinging on our antenna just as well as 
those of a local 60,000 watt broadcasting station (unless they have been 
greatly weakened by some material obstruction on the earth causing a 
shielding or screening effect ; or are affected by skipping or fading) . Al- 
though the induced voltages and currents caused by comparitively weak 
or distant stations will be very much weaker than those induced by power- 
ful or local stations, nevertheless they are there just the same. Of course, 
we do not hear all of these stations with present day f'eceivers because 



Fig. 179 — Simple radio receiving circuit, and the effect of resistance in the tuned circuit. 

many of these signals are so weak when received, that the receiver does 
not amplify them enough to make them heard. Nevertheless, there will 
be enough comparitively strong signals set up in any antenna which we 
might erect, to cause several of the stations to affect our receiving equii>- 
ment strongly enough so they will all be heard at once, and thereby inter- 
fere with the clear reception of any one of them at a time. Therefore, 
since we want to hear only one station at a time, we must in some way 
weaken the signal currents of all of the stations it is not desired to hear 
and allow the currents of the station it is desired to hear to flow through 
the receiving equipment with as little loss of strength as possible; in fact 
in modern radio receivers we even amplify the signal we desire to hear 
by means of vacuum tube amplifiers. Fortunately, this can be accom- 
plished by employing the principles of electrical resonance studied in Arts. 
172 to 177. (The student is advised to review these articles at this time in 
order to refresh his memory on the theory of both series and parallel 
resonance.) AIJ radio transmitting stations in the same vicinity send oul 
their signals at different carrier current frequencies. Therefore the volt- 
ages and currents set up in our simple receiving antenna system of Fig 
177 will also all be of these different frequencies. We know from oui 
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previous work, that a series-tuned circuit offers a very low impedance 
(actually equal to its resistance) to the flow of current of the frequency 
to which it happens to be tuned to resonance, and offers a much higher 
impedance, in varying degrees, to the flow of currents of all other fre- 
quencies above and below this. Conversely, a parallel-tuned circuit offers 
a very high impedance to the flow of current of the frequency to which it 
happens to be tuned to resonance, through the circuit in which it is con- 
nected. It offers a much lower impedance, in varying degrees, to the 
flow of currents of all other frequencies above or below this value. 

246. Single-circuit tuner: We can use the principle of series 
resonance to produce the de.sired separation of signals by means of the 
simple arrangement shown at (A) of Fig. 170. Here an inductor L, 
commonly called a tuning coil, is connected in the antenna circuit. This, 
together with the capacitance between the antenna system and ground 
(shown by imaginary condensers C). forms a series-tuned circuit, the re- 
sonance frequency of which is found from equation (20) in Article 173, 

i 

which is f— where L is in henries and C is in farads. This 

2:i\ LC 

159,000 

may also be expressed as: f---. where is in microfarads and L 

\ L( 

is in microhenries. 

This circuit is considered to be a senrs rirant because the sif^nal voltage is 
induced in a part of it (m the antenna wue^ and lead-in) and is therefore in series 
with the rest of the circuit ( ^ee aiticle ITl). Th^* ciMont of lA) may I.e drawn in 
simplified form as shown at (B), wherf* the induced voltage in the antenna circuit is 
considered as being supplied by the high-frequency a-c generator (i. 

By means of either of the equations above, we could calculate the in- 
ductance tuning coil L would have to have, which, when acting in the cir- 
cuit with antenna capacitance C, would produce rt'sonance in the antenna 
circuit at the particular frequency of the signal it is desired to receive. 
(Actually the antenna circuit has some inductance which must be added 
with L when making this calculation.) 

Assuming that this value of inductance were u^cd and connected -,h()wn, when 
the passing fields cause an electron flow downward thrf/Ugh the circuit into the ground, 
the ground becomes charged excessively nrgafjvr and the aerial wiie AB becomes 
charged positive due to a corresponding lack of electrons, ( [A] of Fig. 179). When 
the next change in direction of the field takes plact*. th(‘ aenal becomes charge<i nega- 
tively and the ground is charged positively by the flow of electrons upward as shown 
at (C). Consequently, we have in this series tuned antenna circuit, a rapid surging 
of electrons (current flow), first from the aerial through the tuning ct)il to the ground, 
and then in the reverse direction from the ground through the coil to the aerial, over 
and over many times a second. 

Since the series tuned circuit offers a low impedance to the flow of electrons or 
current having the same frequency as that to which it is tun<*(l, the voltage induced 
in the antenna by the one station of this frequency is able to send a comparitively 
large flow of current through the circuit, — and the station will be heard loudly. Since 
a much higher impedance is offered to the flow of currents of all other frequencies 
above and below this, the voltages induced in the antenna by all other unwanted 
stations will only be able to set up comparitively weak currents in the antenna circuit 
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80 they will not be heard at all. (In practice, absolute separation of stations cannot 
be accomplished by a single tuned circuit, due to the fact that the resistance of the 
wires, ground contact, etc., broaden the tuning so that the wanted station does not set 
up so much more current than the unwanted stations as we might suppose. There- 
fore we find modern radio receivers using as many as four or more tuned circuits to 
obtain satisfactory separation of the received signals.) 

The arrangement thus far employed at (A) and (C) would enable 
us to receive strongly, that station for which the particular values of L 
and C employed made the circuit in resonance. If we wanted to receive 
a station transmitting on a different frequency, the value of either L or 
C or both would have to be changed. In the old single circuit receivers, 
it was customary to make the inductance of the tuning coil adjustable, 
in order to tune the various station frequencies. In one .form of tuning 
coil employed, a contact was arranged to slide over the wire and there- 
fore vary the number of turns of wire and the inductance in the circuit. 
The coil was built somewhat as shown at (A) of Fig. 79, and was known 
as a single circuit tuner, 

247. Antenna resistance and selectivity: Since the resistance of 
the entire antenna and ground wire and that of the contact between the 
earth and the water pipe, (or whatever is used for actual connection to 
the earth), is directly in the tuned circuit in the single-circuit system just 
described, the tuning is rather broad, that is, there is no great difference • 
between the strength of the current set up by the signal of the wanted 
station and the currents set up by the signals of all the other unwanted 
stations. 

Since the current flowing in the circuit at resonance is equal to the signal e.m.f. 
«^duced in the antenna divided by the high-frequency resistance of the total antenna 
circuit, it is evident that if this resistance is high we may not gain very much by 
tuning, for even at resonance the high-frequency ohmic resistance of the circuit might 
be high enough to keep the current set up by the wanted station from being very much 
stronger than that set up by the unwanted stations. In order to obtain sharp tuning 
therefore, it is evident that the ratio of the reactance to the resistance of the tuned 
circuit must be made high. 

The effect of broad tuning may be seen from (D) of Fig. 179. Three resonance 
curves A, B and C are plotted for the tuned circuit. These show the values of the 
current which equal signal voltages of various frequencies will set up in the tuned 
circuit, (corresponding to the signal voltages received from several equally distant 
and equally powerful transmitting stations), for three different values of resistance 
of the tuned circuit. Let us suppose the circuit has such a value of inductance L and 
capacitance C that it is tuned to resonance at 600 k.c. Then considering the sharp 
tuning condition represented by curve A when the resistance of the circuit is kept low, 
a station transmitting on 580 k.c. would set up current in the receiving antenna circuit 
represented by the height of point G above the axis line E F (equal to about 0.5 
arbitrary units of current); a station at 590 k.c. would induce a larger current of onp 
unit represented by H, a station transmitting at 600 k.c. (the frequency to which the 
receiving circuit is tuned) wu set up the largest value of current (4 units of current 
represented by K). Stations of higher frequency such as 610 k.c., 620 k.c., etc. will 
set up lower values of current as shown. Therefore, the current set up by the station 
to which the circuit is tuned (4 units) is 4 dhided by 1, or 4 times as strong as the 1 
unit of current set up by an unwanted station transmitting at say 590 or 610 k.c. 
Evidently the wanted station will be heard much more loudly than the unwanted sta- 
tion. The reason for this difference of current is of course due to the different react- 
ance and impedance which the tuned circuit offers to the flow of currents of different 
frequencies. Referring back to the right of Fig. 116, where we considered in detail 
how the reactance of a series tuned circuit changes as the frequency is varied, we find 
that as we decrease the frequency from that at resonance, the capacitive reactance 
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increases areaily (since now the condenser does not charge and discharge as many times 
per second as before and therefore there is less current in the external circuit between 
its plates); and as the frequency is raised above that of resonance, the inductive re- 
actance increases greatly (due to a greater value of the induced counter — e.m.f.), and 
thereby reduces the current. 

If now our tuned circuit had quite some resistance, the current at resonance (curve 
B), represented by point L, would be much less than in the previous case, being only 
1.6 units now. Likewise the current at all other frequencies is much lower than before 
due to this greater resistance, as shown by the fact that curve B is lower at all points 
than curve A. The current set up by the station to which the circuit is tuned (1.6 
units at point L) is now equal to only 1.5 -j- 0.75 = 2 times as strong as that set 
up by an unwanted station transmitting at a frequency 10 k.c. from that to which the 
circuit is tuned (point M). Therefore, it is evident that in this case since there is not 
very much difference between the strength of the current set up by the wanted station 
and that of an unwanted station differing in frequency by 10 k.c., both of them will 
probably be heard, the program of one interfering with that of the other. If the 
circuit had even more resistance, its tuning curve might be represented by curve C, 
and the current set up by the wanted station (point N) would be only about 1.5 times 
that set up by an unwanted station 10 k.c. away (point P), so that both stations would 
most certainly be heard together with practically the same loudness. Notice that the 
effect of having a tuned circuit with appreciable resistance is to reduce the value of 
the current set up in it by all signals received by the antenna, but that the current 
set up by the wanted station the circuit is tuned to receive, is reduced greatest of 
all. If these facts are firmly grasped by the student, he should experience no trouble 
in quickly and thoroughly understanding all conditions met with in problems of sharp- 
ness of tuning and separation of the signals received from the various broadcasting 
stations. 

In general, the degree to which a radio receiver is capable of differentiating be- 
tween signals of different carrier frequencies, is a measure of its selectivity. A highly 
selective receiver (sharp tuning), has a tuning curve somewhat like that of A, and is 
able to so weaken the currents of the unwanted stations, and not weaken the current 
set up by the wanted station, that only the signals of the station to which it is tuned, 
are heard. In a receiver having poor selectivity (broad tuning) the ratio of the cur- 
rents set up by the station to which it is tuned, to those of all other unwanted stations,, 
is low, so several of them may be heard simultaneously, creating interference. 

248. Two-circuit tuner: A consideration of the foregoing dis- 
cussion on selectivity makes it at once apparent that the simple receiving 
sydtem of (A) and (B) of Fig. 179 will not be very satisfactory, for the 
simple reason that the tuned circuit which consists of the aerial wire 
AB, the lead-in wire to the tuning coil, the tuning coil itself, the wire to 
the ground, the resistance of the contact to the ground (this resistance 
may be high if a poor ground connection or contact is employed), and 
the part of the ground through which the electrons surge back and forth, 
will have quite some resistance and therefore the tuning will be quite 
broad. The resistance of an antenna circuit depends of course on the 
lengths and size of wire employed, ground resi.stance etc., but in some 
ordinary receiving antennas the total resistance may be as high as 25 to 
100 ohms or even more, depending on the care with which the wires are 
run, the joints and splices made, etc. (This is the high-frequency a-c 
resistance, which as we shall see later, is somewhat higher than the simple 
d-c ohmic resistance.) Resistance as high as this in a tuned circuit will 
reduce the current very much and the tuning will be broad, as shown by 
curves B and C at (D) of Fig. 179. In order to keep the antenna circuit 
resistance out of the tuned circuit, we may employ the arrangement shown 
at (A) of Fig. 180. Here, the tuning coil consists of a primary winding P 
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of a few turns of wire and a secondary winding S, usually having more 
turns. The primary P is placed near the secondary, so that the fluctuating 
magnetic field set up by the flow through it of the antenna currents of vari- 
ous frequencies produced by the voltages set up in the antenna circuit by 
the passing fields of all transmitting stations, will link and unlink with, and 
induce corresponding voltages in the secondary winding S. We will now 
discard the previous method of varying the resonance frequency of the 
tuned circuit by means of a coil of variable inductance, and use the more 
practical and common one of employing a coil of fixed inductance to- 
gether with a condenser of variable capacitance. The variable tuning 
condenser may be a single section of the form shown in Figs. 98 to 101, with 
a set of movable rotor plates which can be rotated in or out between a set 
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PI*. 180 — Two circuit tuner arran*enient. The need for, and connection of, the detector. 


of fixed stator plates in order to vary the capacitance. For modern re- 
ceivers in which single-control tuning is desired, this arrangement has 
been found to be mechanically and electrically superior to the variable- 
inductance arrangement. 


Note: Variable inductances in the form of carefully designed tapped coils are 
used to a great extent in short wave receivers designed to cover a large range of 
transmitted frequencies, but are not used to any extent in ordinary broadcast band 
receivers. Commercial receivers of this type have a tuning range from 16 to 650 
meters (about 20,000,000 cycles to 460,000 cycles). This range is obtained by means 
of special coil -switching arrangements which will be described in Arts. 667 and 663 
of the Chapter on Short Wave Reception. 

The tuning coil or transformer employed for the arrangement of Fig. 
180 is of the air-core type, because an iron-core transformer in thia posi- 
tion would have considerable losses due to hysteresis and eddy currents 
set up in the iron core by the rapidly alternating magnetic flux, which 
alternates as many as 1,500,000 times a second if the signal from a station 
transmitting on say 200 meters is being received. For these reasons, 
radio-frequency transformers of this type are almost always of the air- 
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core form shown at (B) of Fig. 76, and elsewhere throughout this book. 
It is evident that the magnetic coupling between the primary and second- 
ary windings can be varied between wide limits by using more or less 
turns on the primary coil and placing them closer or further away from 
the secondary. The ratio between the induced voltage in the secondary 
and the voltage applied to the primary in an air-core transformer is not 
equal to the ratio of the number of turns as in the case of an iron-core 
transformer, but depends on the closeness of the magnetic coupling be- 
tween the primary and secondary since all of the lines of force of the 
primary may not link with the secondary. For some constructions and 
conditions of coupling, the secondary voltage may even be less than the 
primary voltage; even though the secondary has more turns than the prim- 
ary. 

The number of turns of wire used on the secondary winding is fixed by the 
capacitance of the particular tuning condenser to be used and the frequency range it If 
desired to be able to tune to. 

It would seem advisable to use a large number of turns on the secondary winding 
in order to make the voltage induced in it as large as possible. If this is done, the 
inductance of the secondary winding becomes large and since the resonant frequency 

169,000 

is equal to f = it is evident that if the circuit is to be designed to tune up 

y/LC 

to a given maximum frequency, the larger the value of inductance used, the smaller 
the value of tuning capacitance required. Thus, if the number of turns on the secondary 
is increased, the size of the tuning condenser must be decreased. However, we do not 

? :ain as much as we might think by using a large number of turns on the secondary, 
or as we increase the number of turns we use more wire and so increase the resistance 
of the coil. This resistance tends to reduce the current flowing in the tuned circuit and 
so reduces the voltage appearing across the coil and condenser, thereby tending to offset 
the advantage gained by more secondary turns. For broadcast band work, a satisfactory 
compromise between these factors has been obtained by employing variable tuning 
condensers having a maximum capacitance value of .00035, .000365 or .000375 micro- 
farads and a secondary winding having the proper value of inductance to tune to 
650 k.c. or 545 meters (the upper limit of the broadcast band) with this value of 
capacitance. The use of .00035, .000365 or .000375 mfd. tuning condensers has almost 
become standard for this purpose in the United States. For short wave work, it is 
common to use condensers having a maximum capacitance of about .00015 mfd., with 
suitable tuning coils to cover the frequency ranges required. 

Problem: A tuning condenser having a maximum capacitance of .00035 microfarads 
is to be used in a radio receiver to tune the secondary winding of an r-f 
transformer up to 545 meters (560 k.c.) the upper limit of the broadcast 
band. What must be the inductance of the secondary winding of the tuning 
coil it is connected to? 

159,000 

Solution: Sine? fm , we may solve this equation for 

^/LC 

L by squaring both sides, and then setting L alone. When this is done, 
we have 

159,0002 

L_ Substituting the values in the above problem in this 

f2 C 

equation, we have 

159,000 159,000 

. L=z =z240 microhenries. Ans. 

560,000 X 560,000 X .00035 
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The primary winding P, in the antenna circuit usually contains only 
a few turns of wire, so its inductance is small. Therefore, under this 
condition, the main antenna circuit will be rather broadly tuned because 
the resistance of the antenna circuit is relatively large compared with its 
total inductance and capacitance. Since its tuning is then very broad 
(as represented by curve C in (D) of Fig. 179), it does not exhibit any 
marked resonance properties and equal signal voltages of all frequencies 
induced in the antenna circuit, will cause equal currents to flow in this 
circuit. The antenna circuit is therefore said to be aperiodic; that is, 
without any definite period or frequency. It is true that the signal of the 
wanted station could be strengthened somewhat by tuning the antenna 
circuit to its frequency thereby strengthening its current, but as we have 
already seen, the resistance of the usual receiving antenna circuit is so 
high and the tuning therefore so broad, that most set designers have felt 
that not enough is gained by tuning it to make the cost of the extra tuning 
condenser and the need for manipulating it worth while. They have pre- 
ferred to make up for this loss of signal strength by using more amplifica- 
tion in the vacuum tube amplifier employed. Therefore most of the radio 
receivers designed for home use have an aperiodic antenna circuit. 

249. Gain produced by tuned circuit: At this point, we have 
reached the stage in our progressive design of a satisfactory radio re- 
ceiving system where we have succeeded in making the passing electric 
fields of all transmitting stations induce voltages in an antenna system. 
These voltages produce a flow of rapidly alternating currents in the an- 
.tenna circuit. By means of the r-f transformer shown at (A) of Fig. 
180 we succeeded in transferring some of the energy by transformer ac- 
tion from the antenna circuit into the secondary circuit by means of the 
magnetic field between the primary and secondary coils. Then by means 
of a variable tuning condenser C, we formed a series resonant circuit, and 
utilized the principle of series resonance to present a very low impedance 
path in the tuned circuit to currents of the frequency of the wanted sta- 
tion, and a much higher impedance to the flow of currents of all other 
frequencies from all other stations. Therefore that voltage induced in 
the secondary winding which has the frequency of the W'anted station for 
which the circuit is tuned, will set up a relatively large current in the 
tuned circuit. The voltage drop appearing across both the secondary 
S, and the tuning condenser C under this condition, will be greater than the 
voltage induced into the secondary winding by the electromagnetic induc- 
tion from the primary; that is, the tuned circuit itself causes a “gain” of 
voltage. 

The student is referred to article 174 for the detailed discussion of how st “gain'' 
in voltage is produced by a tuned circuit considered alone. The gain is numerically 
2 ji f L 

equal to where f is the frequency of resonance in cycles per second, L is 

R 

the inductance in henries and R is the total high-frequency resistance of the tuned 

2jif L 

circuit in ohms. The expression — is sometimes referred to as the figure of 
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merit of a tunini^ coil. Since the resistance of modern tuning condensers and that 
of the wires connecting the coil to the condenser is so low as to be neglected for prac- 
tical purposes, the entire resistance of the tuned circuit is considered as being in the 
coil alone. Since 2 n f L is really the inductive reactance of the coil, it is evident that 
the higher the inductance of the tuning coil used, the greater will be its inductive re- 
actance and hence it would seem that the gain would also be higher. This advantage 
of using a high-inductance tuning coil is partly offset by the fact that as the turns 
are increased in order to increase the inductance, the resistance will also increase 
(sometimes very rapidly, depending on the physical form of the coil) and as the 
resistance forms the denominator of the expression for gain, it would tend to reduce 
the gain actually obtained. Therefore, the ratio of the inductive reactance to the re- 
sistance of the coil must be considered as a measure of its efficiency in this respect. 

The result of the voltage gain resulting from the use of the tuned 
circuit, is that a higher voltage appears across the coil and condenser in 
the tuned circuit at the frequency of resonance, than would otherwise ex- 
ist across them as a result of the simple transformer action from the prim- 
ary. This of course is a very w'orthwhile advantage resulting from tuning 
the receiving circuit. 

2S0. Changing the electrical energy to sound: Up to this point, 
we have concerned ourselves merely with building up the received signal 
voltage and current from the wanted station as much as possible with the 
simple devices at hand, and opposing and weakening the current from all 
unwanted stations. The voltage impulses appearing across the tuning 
coil and condenser will be quite strong when the circuit is tuned exactly 
in resonance with the signal of the station being received. Since our ears 
do not respond to electric currents or voltages, the problem now is to con- 
vert these voltages back into sound waves exactly similar to those origin- 
ating in the transmitting stations. The ordinary telephone receiver will 
perform this function, for in the telephone system it is used to change 
the variations in electric current transmitted over a telephone line, into 
corresponding variations in air pressure (sound waves), at the receiver. 
The same type of instrument, modified somewhat in construction and 
form in order to make it light in weight and more practical for the con- 
ditions encountered, can be used for radio telephone reception. It is com- 
monly known by the various popular names of earphones, headset, phones, 
receivers, watch-case receiver, etc. Where a comparitively large amount of 
electrical energy is to be converted into sound, we use a larger instru- 
ment known as a loud speaker. The principles of operation of loud speak- 
ers are somewhat similar to those employed in earphones but they will 
be studied later. Let us now see how the ordinary earphone is con- 
structed, and operates. 

Earphones, like the ordinary telephone receiver, npeiate on the electro-magnetic 
principle. However, .since the energy received by the antenna of a radio receiving 
station is very feeble, and therefore the energy available to operate the earphones in 
order to produce the sound is very small (we are not considering the case of radio 
receivers using vacuum tube amplifiers for increasing the signal energy as yet) ear- 
phones must be constructed to be much more sensitive than the ordinary telephone 
receiver for which strong<^r currents are available in the wired telephone line. 

Earphones usually consist of two separate earpieces connected in series and held 
to the ears by a metal headband as shown in Fig. 181. Each earpiece has a metal or 
hard rubber cup D, with a hard rubber cap G. In the bottom of the cup is a strong 
permanent horseshoe magnet E, with pole pieces F. Around each pole piece, a coil 
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H, of many thousands of turns of fine insulated wire (No. 40 to 50) is wound. The 
magnetic field produced by the signal current flowing through these coils either aids 
or opposes the steady field of the permanent magnet, depending on which direction 
the current flows through them. 

The two coils are connected in series, so the current pas'^es through both windings. 
Sensitive headsets have several thousand turns of wire on the coils, so that even very 
feeble curreriLs flowing through them produce an appreciable change in the magnetic 
field of the permanent magnet. Suspended above the pole pieces, and very close to 
them, is a thin, flexible, soft-iron diaphragm about .001 inch thick. A commercial set 
of earphones with headband is shown at the right of Fig. 181. The phone on the right 
has been opened to show the screw cap (center), and the diaphragm (right). 

251. Earphone operation: The operation of each unit of an ear- 
phone of the type described above is as follows: 

When no current flows through the coil, the magnetism of the permanent magnet 
attracts the iron diaphragm and bends it slightly, as shown by position A in Fig. 181, 



Fij? ISl — (Left)' Oross-seclion view of 
an earphone unit showing the perni.inent 
magnet, magnet coll and diaphragm 

*(Right): A pan of .standard earpliones 
with headband The two units are sup- 
plied with a 5-foot cord with phone- 
1 MIS for connePtions 



producing an initial deflection. Assume the left-hand pole piece to be a north pole 
and the right-hand one a south pole. If one complete wave of an alternating current 
is flowing through the receiver, so that the current during the first half of the wave 
flows through the coils in such a direction as to produce magnet poles similar to those 
of the permanent magnet, then this magnetism adds to that of the permanent mag- 
net and the field is strengthened. This increases the attraction on the diaphragm and 
pulls it down further, to point B. On the next half wave, the direction of the current 
reverses, and so the magnetic field produced by its flow through the coils also reverses, 
aijd opposes that of the permanent magnet. The resultant field is now weaker than 
tJiat of the magnet alone, .so the diaphragm springs back to position C. At the end of 
the cycle it goes back to A. Therefore, during one cycle it makes a complete vibra- 
tion from A to B to C, the amplitndr of the vibration depending on the amount of 
variation of current flowing through the coils. This rapid hack-and-forth movement 
of the diaphragm sets the air in motion and creates sound waves that travel out 
through the opening in the cap. If the frequency of the current sent thiough the wind- 
ing lies within the aud ble range (about Ifi to 20,000 cycles per second), the sound 
waves produced by the corresponding movements of the diaphragm also i>eing of the 
same frequency, will be heard by the human ear. Thus the earphones can be used to 
change variations in an electric current or voltage applied to them, into corresponding 
variations in air presure — or sound waves. It must he remembered that it is the 
amount or degree of variation of the current through the coils that produces the 
motion of the„ diaphragm and the sound, and not merely the total number of amperes 
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or milliamperes of current sent through. Unless the current varies, there is nu change 
of magnetic pull on the diaphragm and hence no sound is produced. If we sent an 
absolutely steady current through the windings, the magnetic field produced when the 
current started flowing, would cause a single change in position of the diaphragm' and 
wo would hear a “click”. The diaphragm would stay in that one deflected position as 
long as this steady current flows through; and absolutely no sound would be produced, 
simply because there is no motion of the diaphragm. If the coils could carry it, we 
could send 1,000 amperes of steady direct current through a pair of earphones or a 
loud speaker without producing the slightest sound from it! This should be remem- 
bered, for as we shall see later, we design radio receiving equipment to produce the 
maximum signal current or voltage variations. These in turn produce the maximum 
amplitude of vibrations of the loud speaker diaphragm and hence maximum loudness 
or intensity of sound. 

252. Need for the detector: Now that we have a device capable 
of converting variations in electric currents or voltages into sound waves, 
it would seem that our receiving equipment is complete. We might ex- 
pect that we could simply connect a pair of earphones across the coil and 
condenser of our tuning circuit, (across which the maximum varying 
signal voltages appear due to the “gain” of the tuned circuit), as shown 
at (B) of Fig. 180. Unfortunately, if we did this we would not hear a 
single sound ! In order to understand why this is so, we must go back to 
our broadcasting station. It will be remembered that in order to success- 
fully accomplish the radio transmission of sound programs, we varied or 
''modulated” the strength of the individual cycles of the radio-frequency 
carrier current in accordance with the sounds transmitted, as shown in 
Fig. 172A. For instance, for the transmission of sound of “a” as in 
father, the high-frequency alternating current flowing in the antenna 
circuit of the transmitting station would look like that at (A) in Fig. 182 
and at the right of Fig. 172A. Let us see what happens when this is re- 
ceived by our receiver. The currents set up in any receiving antenna by 
the radiated wave of this station would be exactly the same as this, only 
much weaker in strength of course. The current flowing in the tuned 
circuit of the receiver, and therefore the voltage variations appearing 
across the terminals of the coil or condenser at (B) of Fig. 180, would also 
vary exactly the same. Consequently we are applying to the terminals 
of our earphones a high-frequency (radio frequency) alternating voltage, 
each cycle fluctuating in value in exact accordance with the sound varia- 
tions shown in Figs. 172A and 182. For transmitting stations in the 
broadcast band, the frequency may be anywhere from 550,000 cycles to 
1,500,000 cycles per second depending on the particular station being re- 
ceived. What happens? The answer is, — nothing! We shall now see why; 

First, the magnet coils of the earphones, (or loud speaker) having a necessarily 
large inductance due to the fact that they con.sist of a great number of turns of wire 
wound on the iron core, offer a very high impedance or opposition to the flow of signal 
currents of such high frequency through them, and will not allow them to flow 
through. A set of earphones having a direct current ohmic resistance of 2,000 ohms 
may have an impedance of four or five thousand ohms at a frequency of only 1,000 
cycles. Remembering that the impedance of an inductor varies directly as the fre- 
quency is increased, we can imagine what impedance they would present to the flow of 
the received r-f currents of 550,000 cycles or higher. 

Second, even if some of the high-frequency current did flow through the earphone 
coils, and the diaphragm made a complete vibration for each individual cycle, it would 
be vibrating so rapidly that the ear would not respond to it, for the highest frequency 
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sound that the human ear can hear is around 20,000 vibrations per second. Actually 
it is impossible for any diaphragm which has some inertia due to its mass, and whicri 
is not perfectly flexible, to vibrate as fast as this current would tend to make it 
move. It is evident from these considerations that the circuit shown at (B) of Fig. 
180 is impractical. 

Let us see what is to be done. Referring back to Fig. 171 it is evident that B 
represents the original sound pressure variations. Therefore we want the diaphragm 
of our earphones or loud-speaker to move in accordance with these variations. Now 
refer to curve D. This is the form of the modulated high-frequency carrier current. 
Our sound wave-form is now represented by the dotted line wave connecting the peak 
values of the individual half cycles of current in one direction — which one does not 

matter — it may be either the negative half- 
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cycles or only the positive ones. Now 
refer to (A) of Fig. 182 which represents 
the high-frequency alternating current or 
voltage variations existing in the tuned 
circuit of the receiver. It is evident that 
we do not want the diaphragm of our ear- 
phones or loud speaker to follow the varia- 
tions in current of each individual cycle of 
this a-c for this is not the wave-form of 
the sound. What it must do in order to 
faithfully reproduce the sound wave of A 
in Fig. 171 is to merely follow the varia- 
tion in the maximum or peak values of tke 
current or voltage in one direction only, 
that is, it must move according to the 
dotted envelope curve drawn through the 
peak values of the individual half cycles 
in one direction as shown. It is evident 
that to do this, it is first necessary to 
make the current alternations in only one 
direction effective, so the current flows 
through the earphones in one direction only. 
This may be accomplished by means of a 
rectifier of some kind, that is, a device 
which allows current to flow easily through 
it in one direction only, and offers a very 
high resistance to the flow of current 
through it in the opposite direction. 

253. The crystal detector: A 
vacuum tube connected as a detector 
is used for this purpose in modern 
receivers, but for our purpose in de- 
veloping a simple receiving system 
we may use the common crystal de- 
tector in series with the earphones 
as shown at (C) of Fig. 180 to per- 
form the function of rectification or 
detection. The construction and op- 


Fig. 182: — (A) Wave-form of pration of this is as follows * 

rent for message of "a** as In father. eracion OI iniS IS as lOllOWS . 

(B) Current rectified by detector. (C) Pull- The crystal detector usually consists of 

Ing forces on the eai 'hone diaphragnru vcrv finp wirp callpd a patxirhivkpT* ai*. 

(D) Final motion of diaphragm and sound » very nne wire caiiea a catwniSKer, ar- 

wave produced. ranged to make light contact with a crystal 

of some particular, material such as galena 
(lead sulphide) held in a cup by a metal alloy of low melting point as shown at the 
left of Fig. 183. Other mineral combinations such as iron pyrites, carborundum, sili- 
con, molybdenite, etc. can be used, but for our purpose of explanation, the simple 
galena detector will suffice. 
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When an alternating: voltagre is applied to the combination, it tend<; to make cur- 
rent flow from the catwhisker to the crystal during the first half cycle. The resistance 
which the crystal and contact offer to current flow in this direction is low, so the cur- 
rent is able to flow through easily. On the next half cycle, the voltage is reversed and 
tends to send current in the opposite direction. The detector contact offers a very 
high resistance to current flow in this direction, so very little current is allow(*d through. 
The action is repeated for each cycle. This is shown graphically in (A) and (B) of 
Fig. 182. At (A) we have the modulated high-frequency varying voltage impressed 
across the detector and phone circuit by the tunea circuit. At (H) we have the half 
wave rectified current which gets through the crystal rectifier and earphones. Notice 
that this is still a varying high-frequency current, but it now flows only in one direc- 
tion since one half of each cycle of current flow has been eliminated A very small 
amount of current does get through the detector in the opposite direction, as «hown 
at (B) by the small loops below the axis line. It is the difference in strength of these 
two currents which determine how well or how poorly the crystal operates ns n detector 
A good crystal will almost entirely eliminate the flow of current in one direction. 

254. Detector action: It would seem that the pulses or fluctua- 
tions of current flowing through the rectifier and earphones as shown at 
(B) of Fig. 182 are still much too rapid to actuate the diaphragm, since 
their frequency is now half that of the carrier current (the current flow 
during half of each cycle has been eliminated). Their effect on the re- 
ceiver diaphragm however, is for each wave-train to give force by suc- 
cessive addition, as can be seen from the following: 

The first impulse “A”, shown in part (C), passes through the earphone coils and 
produces a slight movement of the diaphragm. If the station is transmitting at say 
200 meters, corresponding to a frequency of 1.500.000 cycles per second, then the time 
interval between two successive maximum values of current, as A ami H, is one 
one-million five hundred thousandth part of a second Obviously, since the iliaphragm 
has inertia and stiffness, it is somew'hat sluggish in action and cannot possibly make a 
complete vibration in this time, so the second impulse B will occur before the dia-* 
phragm has had time to spring back in place, and will Iberefore rleflect it further. 
The next impulses C, is a weak one and the diaphiagm will therefore spring back a 
bit. Impulse D, is stronger and causes the diaphragm to move outward again, etc 
The result is, that the diaphragm does not move from its zero or initial position out 
to some other position and back for every half cvcle of the high frequency current 
but instead, is deflected slightly in or out from its mean position by each pulse of 
current and therefore its motion follows more or less faithfully, the shape of the 
envelope wave of this current, as shown by the dotted lines at (C). This movement is 
shown at (D) for clearness. By referring back to (B) of Fig. 171, and to Fig. 172A, 
it will be seen that the movement of the diaphragm and consequently the sound waves 
it produces are exactly the same as the original sound wave in the transmitting station. 
T^e volume, and frequently the quality, of the sound in the phones is improved by 
connecting a small fixed condenser of about .0005 mfd. capacity across them, as shown 
in the circuit at (C) of Fig. 180. 

The operation is then as follows: During the duration of one impulse A of the 
rectified current of (B) and (C) of Fig. 182, the current flows through the earphone coils 
and also charges this condenser. During the next half cycle no current flows through 
the detector. At this instant, the phone condenser being connected across the phone 
coils, and having an electric charge on it, partially discharges through them The 
discharge current of the condenser is in the same direction as that of the impulse A. 
This acts to keep the diaphragm in position until the next impulse B comes along. 
The current flowing in the telephone receiver is then like that shown in the some- 
what enlarged and exaggerated dotted line in (C). There is, then, during each wave-train 
a more continuous attraction on the earphone dianhragm, with resulting improved 
reproduction, since the diaphragm follows more nearly the outside curve or envelope of 
the current. 

In earphones and loud speakers there is some capacity existing between the in- 
dividual turns of wire on the coils, and the usual five-foot external connection leads 
supplied with earphones being close together, also form a condenser. This combined 
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capacity is usually enough to give the above action, so that no additional phone con- 
denser is necessary. In diagrams in future chapters the condenser will be omitted, 
although the reader should remember that a capacity really does exist there. 

In this way, by the aid of a receiving antenna system, electrical re- 
sonance, a rectifier or detector, and a device for changing variations in an 
electric current into corresponding sound waves, we are able to success- 
fully receive the electrical impulses sent out by radio transmitting sta- 
tions, select the current of the station we want to hear, rectify this to 
pulsating direct current, and finally convert it back to sound waves sim- 
ilar to tho.se of the original program, and which can be heard by the lis- 
tener. 

The crystal detector is sometimes called a square law detector since 
the current flowing through it varies as the square of the applied voltage. 


CATU/MISKER. 


Pig 183 — Left: A simple crystal de- 
tector with a light catwhisker resting 
agam.st a galena crystal 
Right: A modern semi-adjustable car- 
n)orundum crystal detector with the 
crystal and contact slug held to- 
gether under pre.ssure 
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Thus if twice the signal voltage is applied to it, the current flowing through 
it will be four times as much. Evidently such a device does not follow 
Ohm s law, because its resistance is not constant but varies with the ap- 
plied voltage. 

255. The carborundum crystal detector: The carborundum crys- 
tal detector has become popular as a rectifier in simple receivers due to 
its very stable operating characteristics. A commercial form of carbor- 
undum crystal detector cut open to show its parts is shown at the right 
of Fig. 183. Its construction and operation is as follows: 

A crystal of carborundum is held in contact with a slug of metal under a pressure 
of about five pounds by a compression spring. The pressure may be regulated for 
best operation by the pressure adjusting screw which comes out at one end. 'fhe en- 
pre unit is enclosed in a ^ insulated protective casing. This combination offers a very 
low resistance to the flow of current from slug to crystal, but presents a very high 
resistance to current flow from crystal to slug, thus acting as a detector or “rectifte?* 

Fig. 184 shows two practical circuits for a Carborundum detector. At A the 
rectifier is placed across the entire tuned circuit. At B the rectifier is placed across 
only a portion of the circuit. The arrangement in B is preferable as it gives much 
better selectivity with very little loss in efficiency, when the tap is properly located 
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256. Constructing a crystal receiver: A very cheap and efficient 
crystal set for earphone reception can be constructed from the circuit dia- 
gram of Fig. 185. A set of this kind is very useful as a preliminary re- 
ceiver with which to learn the characteristics of tuning circuits in radio 
receivers, and is also a very good project for radio set construction before 
advancing to more involved and complicated vacuum tube receivers. 

The primary coil P consists of a total of 32 turns of No. 28 B. and S. g&uge 
double silk or cotton covered copper wire wound in a single layer on a tube four inches 
long and two inches in outside diameter. The coil is tapped at 2, 4, 8 and 16 turns. 
In winding the coil, twists should be made for each turn from which taps are made, 



Fig. 184— Two carborundum crystal de- Fig. 186 — A practical radio receiver with 

tector receiving circuits. crystal detector (see lower left of Fig. 187) 


SO as to make connections to the taps easy. The secondary coil consists of 90 turns 
of No. 28 D.C.C. wire wound in a single layer on the tube next to the primary and 
separated from it by % inch. A tap is made at the 20th and 45th turn. The tap which 
gives best volume consistent with good selectivity should be used. An aerial from 
76 to 100 feet long should be employed. Tuning is accomplished by the .00036 mfd. 
capacity variable condenser. The phones are by-passed by a .001 mfd. fixed condenser. 
A complete receiver of this kind is shown in the photograph at the lower left of Fig. 
187. The layout of the various parts is shown. The Carborundum crystal should be 
connected as shown. Adjustment for best selectivity can be made by operating the 
set with the ground connected to the various taps of the primary coil in turn, until the 
best operating point is found. 

257. Operation of the entire receiver: An idea of the various 
changes which take place in our simple crystal receiver may be gained 
from a study of Fig. 186. At the left, the weak modulated r-f signal 
is induced in the antenna circuit. Of course many signals of differert 
frequencies are induced here by the various stations, but these are not 
shown here as they would confuse the diagram. Then this r-f voltage is 
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strengrthened by the gain of the tuned circuit, then the current is rec- 
tified by the crystal detector; the rectified current sent through the ear- 
phone coils produces vibration of the diaphragm in accordance with the 
peak values of the individual pulsations and produces the sound waves 
which are practically an exact duplicate of those originating in the broad- 
casting station. 

258. Measuring crystal detector characteristics: The operating 
characteristics of crystal detectors or rectifiers can be determined very 
easily by the arrangement shown at (A) of Fig. 187. 
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18G Analysis of the changes which the received electneal en(*rKy undergoes in 
various parts of a simple crystal-detector radio receiver 


the 


The scarce of e.m.f. is a single dry cell. The voltmeter is a good low reading instru- 
nient suflficient to register the voltage of the battery. The milliammeter has a range 
of 0 to 1 milliampere. The 200 ohm potentiometer P is used to apply any definite 
voltage to the crystal. The milliammeter measures the current which the crystal 
allows to flow. The reversing switch S is used to apply either a positive or negative 
potential to the detector. The potentiometer is set for voltage steps of 0.1 volt and 
the corresponding currents are read on the milliammeter. This is done for both 
positive and negative voltages. 

At (B), a graph of current flow plotted against applied voltage is shown for the 
carborundum crystal detector of Fig. 183. Curve 0-B represents the current flow when 
e.m.f. is applied in the positive direction (slug to crystal). Curve 0-C represents the 
cuirent flow when e.m.f. is applied in the negative direction (crystal to slug). Notice 
that practically no current flows through the crystal in this direction (unless the ap- 
plied voltage is made quite high). This illustrates the rectifying properties of this 
crystal arrangement. 

Most crystal detectors can be roughly checked for rectification by connecting a 
dry cell (11^ volt), pair of phones and the detector in series. A strong click should 
be heard when the detector is connected in one direction, and almost no click when 
reversed. This indicates that the detector rectifies properly. 

259. Limitations of crystal receivers: The simple receive!* cir- 
cuits discussed thus far, furnish a system of radio reception by which 
sound programs can be heard, and in which the volume of sound produced 
depends entirely on the strength of the electric fields acting on the re- 
ceiving antenna. The energy of the ordinary transmitter is radiated out 
in all directions around the transmitting antenna. Owing to the com- 
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paritively small size of the receiving antenna, the latter can cover only 
an extremely small part of the large area over which this energy is spread, 
so that the energy actually imparted to any receiving antenna is very 
very small, and the voltages and currents induced in the antenna circuit 
are very feeble. It is evident that simple crystal detector radio receivers 
of the type just described cannot be used for long distance reception, be- 
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Pig, 187 — (A): Rectifier test circuit which may be employed to test the rectifying properties 
of a rectifier. (B) Rectification characteristics of a carborundum rectifier. (Lower 
left): The complete crystal-detector radio receiver whose circuit diagram Is shown 
in Fig. 185. 


cause the received currents will not be strong enough to operate the ear- 
phones. 

The use of earphones is unpopular, as people desire to hear the sound 
programs in comfort with loud speakers which produce enough volume to 
hll good sized rooms. Loud speakers require a stronger operating current 
than do ordinary earphones since they set a greater volume of air in mo- 
tion and produce larger amplitudes of sound vibrations, so amplifiers have 
been developed to amplify the received radio voltages to make loud speaker 
operation possible. These employ vacuum tubes in their operation. The 
crystal detector, while producing remarkable clarity of reception, is un- 
able to handle either very weak or very strong impulses of current satis- 
factorily and simple crystal receiver circuits do not pass enough energy 
on to a loud speaker to operate it satisfactorily. To be able to listen to 
distant stations and operate a loud speaker we must strengthen or am- 
plify the incoming signal voltages. 

Crystal detectors have been superseded almost entirely by vacuum 
tube detectors, due to their greater sensitivity, ease of adjustment, and 
property of not only rectifying, but also amplifying at the same time. 
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The rectifying ability of a crystal is an inherent properly of the crystal and can- 
not usually be altered or improved. The point of best selectivity must be determined 
by trial by moving the catwhisker over the surface of the crystal. In most cases, this 
point is never located. The adjustment is not permanent, and heavy currents such as 
those received from powerful nearby broadcasting stations may make the detector 
inoperative by setting up a comparatively great amount of heat at the contact pointi 
thus oxidizing the catwhisker and destroying the conducting properties. The use of 
the Carborundum crystal detector eliminates the adjustment difficulties but does not 
satisfy the amplification requirements for loud speaker operation. Some receivers 
have been devised to use a carborundum crystal with radio and audio frequency am- 
plifiers employing vacuum tubes. Such hybrid receivers are capable of very fine per- 
formance if correctly designed but their use is not vety widespread. 

The use of vacuum tubes makes it possible not only to perform the 
function of detection or rectification, but also to build up the strength of 
the feeble voltage impulses induced in the antenna circuit to practically 
any degree so that one or more loud speakers may be operated with ample 
volume to fill a room or an auditorium with sound. We will now study the 
theory of operation, and construction of the various types of vacuum 
tubes employed in modern radio equipment and later we will study the 
various circuits in which they are employed. 

REVIEW QUESTIONS 

1 What is the approximate frequency range of the sound vibra- 
tions in (a) speech, (b) music? 

2. What is the approximate frequency range of the carrier cur- 
rents used in radio broadcasting stations in the band between 
200 and 650 meters? 

3. What sets up the voltages and current in the antenna circuit of 
a radio receiving station ? Explain the action in detail. 

4. Station WEAF in New York City transmits with a power of 
50,000 watts, radiating it out into space in all directions. Why 
does the amount of signal power picked up from this station’s 
field by a receiving antenna amount to only a few microwatts? 

6. What is the purpose of (a) the receiving antenna; (b) the con- 
nection to the earth or “ground” ? 

6. What is a counterpoise ground, and why is it used? Draw a 
diagram showing an ordinary aerial and counterpoise ground 
connected to a radio receiving set. 

7. What is the receiving antenna made up of? Would copper wire 
having an outer covering of ordinary insulation be satisfactory ? 
Why? 

8. Explain bow the antenna, lead-in wire, ground wire, and ground 
form a condenser. 

9. What would be the effect on the total antenna circuit capacitance, 
of connecting a small fixed condenser in series with the lead-in 
wire? What is the effect of connecting a small condenser be- 
tween the antenna and ground? Explain ! 



382 


RADIO PHYSICS COURSE 


10. Explain with diagrams, how current is able to flow in the wire 
circuit between a receiving antenna and ground, when appar- 
ently this is an open circuit. 

11. Show by diagrams and explain, the difference between a “tuned” 
and an "untuned” antenna circuit. 

12. What is an aperiodic antenna circuit? What are its advantages 
. and disadvantages ? 

13. What is meant by “tuning” a radio receiver and how may it 
be accomplished ? Why is tuning necessary? State two benefits 
received from tuning a radio receiving circuit. 

14. Under what conditions of inductance and capacitance value 
is the tuned circuit in a radio receiving circuit said to be in re- 
sonance with, or tuned to. the frequency of the incoming signal 
impulses of the station it is desired to receive? 

15. What value of capacitance is required with a 200 microhenry 
coil to form a tuned circuit resonant at 600 meters? 

16. Explain how a voltage gain is obtained by means of a series 
tuned circuit. 

17. Explain two objectionable effects caused by excessive resist- 
ance in a tuned circuit. 

18. Why are the transformers used in the radio-frequency circuits 
of radio equipment usually constructed in air-core form? 

19. What is meant by the process of “detection” and why is it nec- 
essary in a radio telephone receiver? 

20. What function does the crystal detector perform in a simple 
crystal type radio receiving set? What is the function of the 
earphones or loud speaker? 

21. What is the purpose of (a) the permanent magnet; (b) the coils, 
(c) the diaphragm, of an earphone? How are the current im- 
pulses changed into sound waves? 

22. Explain why crystal detectors are not used in receivers which 
are to operate loud-speakers. 

23. What is induced first in a receiving antenna by the action of the 
passing fields, voltage or current? 

24. How does the action in a resonant tuning circuit make it possible 
for you to hear the signals from one .station, and make all others 
so weak that they are not heard? 

25. What electrical devices are necessary to form a tuned circuit? 

26. Show by a circuit diagram, the connections of the following 
parts to be used in a simple crystal detector receiving set, radio 
frequency transformer, variable tuning condenser, crystal de- 
tector, earphones, earphone condenser, antenna, ground. Ex- 
plain the operation briefly, starting at the antenna and follow- 
ing through to the earphones. 

27. Explain the action of the phone condenser of small capacitance 
connected across the earphones or loud speaker of a receiver. 
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ELEMENTARY STUDY OF THE VACUUM TUBE 

IMPORTANCE OF VACUUM TUBES — OUTLINE OF STUDY OF THE VACUUM TUBE 
THE EDISON-EFFECT — ELECTRONIC EMISSION FROM SOLIDS — PRODUCING 
ELECTRON EMISSION FROM SOLIDS — PRODUCING ELECTRON EMISSION BY 
HEATING — PRODUCING ELECTRON EMISSION BY LIGHT — ELECTRON EMISSION 
BY ELECTRON BOMBARDMENT — ELECTRONS FROM GASES — IONIZATION — 
CHOICE OF ELECTRON EMITTER — TWO-ELECTRODE VACUUM TUBE — SATURA- 
TION CURRENT — SPACE CHARGE AND SCREEN GRID TUBE — TWO ELECTRODE 
RECTIFIER — THREE ELECTRODE TUBE — AMPLIFYING PROPERTY — TUBE 

CHARACTERISTIC CURVE — TYPES OF TUBES — REVIEW QUESTIONS. 

260. Importance of the vacuum tube: The basic idea of the ther- 
mionic vacuum tube has probably been the most important single invention 
in the development of the radio art, for without it, the high power — high 
quality radio transmission and reception we are all accustomed to today, 
would be impossible. It is used in radio transmitting stations for ampli- 
fying the speech currents set up in the microphone circuit; and for gen- 
erating and modulating the high frequency carrier current which produces 
the electromagnetic radiations from the antenna. In modern radio-tele- 
phone receivers, vacuum tubes are employed for greatly amplifying and 
rectifying the weak signal voltages set up in the receiving antenna, in 
order to make loud speaker operation possible. They are also employed 
for rectifying the a-c current supplied by the a-c electric light circuits for 
the operation of radio receivers. The transmission and reception of tele- 
vision signals also depends entirely upon their use to perform these func- 
tions. 

Hundreds of new applications are daily being found for various forms 
of vacuum tubes and their associated circuits in all branches of industry 
outside of the field of radio. As we shall see when studying some of these 
uses in a later chapter, they are being employed for such functions as, 
amplification ; rectification ; detection of current or voltage impulses ; opera- 
tion of counting and sorting devices, alarms and signal systems; con- 
trolling large amounts of energy and machinery; measuring all sorts of 
quantities; converting electrical energy for high voltage transmission in 
d-c form; etc. There are seemingly an endless variety of uses for this 
marvel of metal, glass, insulation, and empty space, and any person who 
expects to associate himself with either the radio or electrical industry 
must be on intimate terms with at least the simple fundamental theory 
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upon which the vacuum tube operates. It will be to his advantage to know, 
in addition to this, the various forms employed in industry, together with 
the special circuits in which they are employed in commercial devices. 

Many forms of vacuum tubes are constantly being developed to per- 
form most suitably the particular tasks which they are intended for. 
Thus we hear the terms 2-electrode, 3-electrode, 4-electrode, 5-eIectrode. 
a-c, d-c, screen-grid, variable-mu, high-mu. pentode, power, rectifier, thvra- 




PU|. 188 — Th« Edison -efrect, which depends for its action, on the emission of electrons from 

an Incandescent filament 

tron, grid-glow, photo-electric, etc. applied to the various forms of vacuum 
tubes in use today. We will first study these simple principles of operation* 
before passing on to a discussion of the various forms in which they are 
constructed and the special circuits in which they are employed. 

261. Outline of study of the vacuum tube: To the student at- 
tempting a serious study of radio, or that of vacuum tubes, for the first 
time, the fact that there are so many types now made and used, must 
make it seem like an almost impossible task to try to understand the con- 
struction and operation of all of them. Fortunately, this is not so, for as 
we will now see, they all operate on the same fundamental principles. 
Once these principles are understood, the subject merely resolves itself 
into a systematic study of the particular mechanical construction features 
employed in the various types of tubes used, and the electrical character- 
istics which result from these special forms of construction. By pursuing 
the study in this way, the subject will be found to be not only very much 
simplified, but extremely interesting as well, for we will be dealing again 
with those fascinating little fellows, the “electrons'*. Since the emission 
and flow of electrons forms the basis of the operation of all electronic vac- 
uum tubes, this phase of the subject will be studied first. 

262. The Edison-effect : Almost fifty years ago (in 1883), 
Thomas A. Edison was at work on the development of the incandescent 
electric lamp which we now use for lighting purposes. Edison was trou- 
bled by frequent burnouts which occurred at the ends of the carbon fila- 
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ments he was using. Investigation disclosed that nearly all of the lamp 
failures occurred at the positive ends of the filaments. He constructed a 
special lamp in which he placed a metal plate terminal P, between the loop 
of filament wire, as shown in Fig. 188. The filament was heated by current 
from a battery or generator as shown. He found that when he connected 
the plate to the “positive” filament connecting wire, with a sensitive current 
indicating galvanometer in series, as shown at (A), a current flowed 
through the shunt circuit PFG thus formed, as indicated on the galvano- 
meter. If the plate was connected to the “negative” filament connecting wire 
as shown at (B), no such current flowed, as shown by the fact that the 
galvanometer did not deflect. Furthermore, the direction of deflection of 
the galvanometer pointer in the former case showed that the current ap- 
peared to flow always from the plate to the filament when the plate was 
made positive, and never in the opposite direction. The current ceased 
as soon as the filament was allowed to become cold. 

Here was a real mystery, for at that time nothing was known of the 
emission of electrons from hot bodies. A current was apparently flowing 
inside the tube, from the plate across the vacuum to the filament. A vac- 
uum had always been thought of as a perfect electrical insulating medium 
because it contains nothing to conduct electricity. It is true, that a per- 
fect vacuum without electrons in it, is a better insulator than any known 
substance; but at that time Edison did not know of course that there 
actually was something in between the plate and filament wire of his 
lamp. The action just described is now known as the “Edison Effect”. 
•Edison was too busy with the development of his lamp to spend much time 
investigating this effect at the time, but he made a record of it, and its 
causes remained a mystery until in 1899, J. J. Thompson showed that the 
phenomenon was due to electrons or particles of negative electricity given 
off by the filament when it was heated. The explanation now accepted in 
the light of our modern knowledge of electrons and the atomic structure 
of matter is based on the electron emission from solid bodies. 

263 . Electronic emission from solids: We have already studied 
in Articles 16 to 18, that every atom of any body is composed of one or 
more planetary electrons rotating around a central nucleus consisting of 
electrons and protons as shown in Fig. 17. We will now review this 
briefly : 

Metals and other conductinjj substances are supposed to have many free electrons 
which are constantly wandering around, mostly through the comparatively large 
spaces between the atoms. If an e. m. f. is applied to a conducting material, a drift 
of these electrons takes place in a definite direction along the conductor, at a speed 
of about 300 to 125,000 miles per second depending on the intensity of the -electric 
forces of the e. m. f applied, and we have what we commonly call a /low of 
current. Unfortunately, the actual direction of the movement or flow of the electrons 
IS just opposite to that in which the resulting current is conventionally said to flow 
(see Article 26), since the rules regarding directions of currents through electric cir- 
cuits were formulated arbitrarily before electrons were even thought of. 

Under ordinary conditions of temperature, the electrons and atoms 
of a substance are in a constant state of motion and possess some energy 
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(kinetic energy) due to this motion. They do not escape from the sub- 
stance, because according to a theory advanced by O. W. Richardson in 
1901, there exists at the surface of the substance a force which tends to 
keep even the free electrons from escaping. (Of course the electrons in 
each atom are held to it by the force of attraction of the positively charged 
nucleus.) In order to escape from the surface of a substance, an electron 
must do work in overcoming the force which tends to hold it in the sub- 
stance, just as a horse does work in attempting to draw away from a loaded 
wagon. This amount of work must be done at the expense of the kinetic 
energy of the electron. For all known substances, it would require far 
more energy than most of the electrons possess, for them to escape from 
the body at ordinary temperatures, so they are held within the substance 
and practically no electrons are emitted by the body. It is possible, how- 
ever, to impart •sufficient energy in some form to the electrons of many 
substances by some external means, so as to make them able to shoot out of 
(or be emitted from) the body. Of course, as soon as an electron is 
emitted, the unbalanced electrical force in the body tends to attract it back 
again, so that the final movement of the emitted electron depends upon 
what other external forces are acting on it at that time. 

264. Producing electron emission by heating: It has been found 
that the forcible emission of electrons from a body (commonly called elec- 
tronic emission) can be produced in several ways. 

It is interesting to note that all of these methods involve imparting of electro- 
magnetic radiations to the electrons of the body, in order to increase their kinetic 
energy enough to enable them to overcome the restraining forces. These forms of, 
electromagnetic energy are heat, light, and moving electrons. 

Probably the most common method is to heat the body in some manner, 
either by the application of a hot fiame as shown at (A) of Fig. 189, by 
passing an electric current through it as shown at (B), or in any other 
way. It is interesting to note that heating by a gas flame was employed 
by De Forest in his original three-electrode vacuum tube. Heating by 
means of an electric current is now used exclusively, because of its conven- 
ience. In some vacuum tubes the electron emitter is heated by current 
from a battery, in others it may be heated by a-c or d-c current from the 
electric light circuit. 

When the body is heated by any means, the electromagnetic radia- 
tions of energy, which really constitute what we call heat, go to the body 
and are given up to the electrons. This increases the speed of movement 
of the electrons and thereby increases their kinetic energy. As the im- 
parting of the energy to the electrons is continued in this way by sufficient 
heating (raising the temperature of the body to a high enough value), 
some electrons will finally acquire enough kinetic energy to enable them 
to break away from the restraining forces, and shoot out from the body 
into space, that is, they are emitted. As the heating is continued, more 
and more of them acquire the necessary amount of energy needed to over- 
come the restraining forces, and they are emitted. The result is, that a 
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steady stream of electrons is obtained from the hot body as shown. The 
rate of emission of the electrons from a body is approximately propor- 
tional to the square of its temperature above that of red heat. It should 
be thoroughly understood that the heat for the emission can be supplied 
by any means we may want to use. 

The emission of electrons from a heated body may be likened to the evaporation 
of water. If we raise the temperature of a vessel full of water by heating it, the 
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Fig 18*> — Various ways in which bodies may be made to emit electrons. (A) heating di- 
rectly with a flame; (B), (C) heating directly with an electric current; (D) heating 
indirectly by means of electric current, (E) by photo-electric action of light; 

(F) by electron bombardment. 

agitation of its molecules increases and when the temperature commonly known as the 
“boiling point” is reached, the molecules have gained enough kinetic energy to enable 
them to break through the surface tension of the liquid and shoot out into the atmos- 
phere in the form of tiny particles of water vapor. Of course this action is not exactly 
like that .of electron emission for in this case droplets of water, each containing many 
atoms and electrons are boiled off; in the case of electron emission only the tiny single 
free electrons are emitted. 

Emission of eVctrons caused by applying heat to a body is called 
thermionic emission to distinguish it from emission produced in other 
ways. Devices in which this is made to take place are commonly called 
thermionic devices. The body which emits the electrons is generally called 
the electron emitter or the cathode. The body to which the emitted elec- 
trons may 'be attracted, is called the plate or anode. These terms should 
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be remembered. In almost all practical thermionic devices, the heating of 
the electron emitting body is made to take place by means of the flow of 
electric current through a conductor which may, or may not be, the actual 
electron emitter. At (B) is shown the method used for producing electron 
emission in the ordinary forms of battery-operated vacuum tubes. The 
heating current, supplied by a primary or storage battery, flows through 
a filament wire which gives off the electrons when it is heated to a red 
heat. At (C) the a-c heating current from a step-down transformer, 
flows through the electron-emitting filament. In some applications of 
thermionic emission it is preferable not to have the heating current flow 
through the body which is emitting the electrons. In these cases, it may 
flow through a separate heater device placed in mechanical contact with, 
or near, the electron-emitting substance, as shown at (D). This construc- 
tion is employed especially when the heating current is obtained from an 
a-c source such as an a-c electric light circuit. In this case, it is common 
to use a step-down transformer T, to step down the 110 volts of the line to 
the low voltage required for the heater filament, as shown at (D). Here 
the heater is used merely to heat up the electron emitter by the conduc- 
tion and radiation of heat from it. It performs no other function, al- 
though it may incidentally give off some electrons itself due to its high 
temperature. 

This construction is used in the popular separate-heater types of vacuum tubes 
such as the 227, 224 and 235, desif^ned to be heated with alternating current from the 
electric light circuit, as well as in the 236, 237 and 238 types designed especially for 
use in automobile radio receivers or d-c electric receivers, as shown at (D). The 
current flows through the heating filament bent in hairpin shape, which imparts i^^ 
heat energy by conduction and radiation to the separate metal cathode or electron 
emitter which surrounds it, but which is electrically insulated from it by the insul- 
ating bushing. 

The filament wire runs through two tiny holes drilled in the insulating bushing. 
The latter is made of some ceramic material such as “isolantite" which is a good heat 
conductor and also a good insulator even when it is heated to a red heat during normal 
operation by the filament. It conducts this heat to the closely fitting metal sleeve on 
its outside. The sleeve is coated with barium oxide or some other material which emits 
electrons freely at moderately high temperatures, and so acts as the cathode. In some 
tubes of this type designed so the cathode will be heated to its emission temperature 
quickly when the heater current is turned on, the insulating bushing is made thin to 
reduce its mass so it will heat up more quickly. In some quick-heater tubes, the insul- 
ating bushing has been omitted altogether, the designers relying entirely on the small 
space between the heater filament and the metal cathode sleeve, to keep the heater 
filament from touching, and making electrical contact with the metal cathode sleeve. 
These tubes heat up very quickly, but short-circuits frequently occur when the filament 
or other parts are bent out of line by accidental severe jars or shocks during shipment. 

Some substance.s do not emit electron.s in any appreciable quantities, 
even though they be heated to extremely high temperatures. The electron- 
emitting characteristic.s of variou.s substances will be studied later. 

265. Producing electron emission by light: It has been found 
that a similar electronic emission occurs when light rays of certain fre- 
quencies, colors, or wavelengths, are made to fall upon certain materials, as 
shown at (E) of Fig. 189. This is known as the photo-emissive effect; the 
emission of electrons by this method is known as photo-electric emission, 
and devices employing this effect are known as photo-electric devices. The 
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photo-electric cell, or tube, employed in television and sound picture equip- 
ment, and in many commercial counting, sorting, and controlling devices 
operates on this principle. The principles of photo-electricity have been 
known to the scientific world for over 40 years, but it was not until the 
recent development of television and sound pictures that practical photo- 
electric cells were made available commercially. 

The energy of the electromagnetic light rays striking the substance is imparted 
to its electrons, enabling them to acquire sufficient energy and velocity to overcome the 
force of attraction at the surface of the substance, and escape with a velocity which 
depends on the energy in the light rays and the amount of energy they must expend 
to overcome the surface force. Tho<e which happen to be near to the .surface have 
to overcome only the surface force, while those further in the interior will have to do 
an extra amount of work in forcing their way out. 

The photo-electric effect is very interesting because its discovery has resulted in 
further strengthening the electron theory and the (juantum theory explained in previous 
chapters. It has been found by experiment that the maximum velocity of emission 
by this effect is independent of the temperature of the cathode and is also independent 
of the intensity of the light with which the cathode is illuminated. If the intensity of 
the light is increased, only the number of electrons emitted increases, but their velocity 
stays the same. The frequency, color, or wavelength of the light (see Fig. 163) is the 
only factor that influences the velocity of the emitted electrons, when considering any 
one substance. The higher the light frequency (the nearer the light is toward the ultra- 
violet end of the spectrum) the higher is the velocity of the emitted electrons. F'or a 
given light frequency (color), the emission depends on the electron affinity of the sub- 
stance upon which the light is acting. Therefore all substances do not give off elec- 
trons with equal ease when exposed to light. 

Zinc gives off electrons quite freely only when exposed to light rays 
of very high frequency, such as ultra-violet light. Other metals such as 
potassium are very sensitive to light in the visible part of the spectrum. 
.Potassium is therefore used in some photo-electric cells where its func- 
tion is to emit electrons in proportion to the amount of ordinary white 
light that is permitted to fall upon it. Other of the alkali metals which 
emit electrons when subjected to light rays are sodium, lithium, caesium 
and rubidium. The.se will be studied later when a detailed study of photo- 
electric cells is made in Chap. 32. 

The source of light may originate in some common light source such 
as an incandescent lamp, daylight, etc., or may originate in fluorescent 
chemicals which have been caused to emit the required light by reason of 
previous exposure to electromagnetic radiations from some other source. 

266 . Electron emission by electron bombardment: Electrons may 
also be forced out of a body by the impact of other electrons projected 
against its surface. This action is called secoudnr}/ emisisiou. Thus, 
X-rays are electromagnetic radiations produced by causing a stream of 
electrons to impinge on a target. In order to produce penetrating X-rays, 
the velocity and frequency of the stream of electrons must be quite high, 
which means that the applied voltage causing the movement of the stream 
of electrons must be quite high. At the lower voltages employed in ordin- 
ary vacuum tubes, the action of the electron stream impinging on a metal 
plate may cause a considerable secondary emission from the plate, especial- 
ly where the plate voltage is high. This will be referred to again in Art. 
318. Whefi the velocity with which the electrons strike the metal plate 
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increases beyond a certain critical value, one primary electron can knock 
out more than one secondary electron from the plate. This is the prin- 
ciple on which the dynatrou operates, (see Art. 636). 

267. Electrons from gases, ionization: If a stream of electrons 
is caused to move through a gas, they will bump into the larger and heavier 
atoms of the gas. ( The hydrogen atom, which is the simplest and lightest 
of all atoms (see Fig. 17) has a mass approximately 1,800 times as great 
as the mass of the electron. The masses of the more complex atoms of 
other chemical elements is proportionately greater.) If the electrons are 
moving with a high enough velocity, they will split up the atoms of the 
gas when they collide with them and electrons will be detached from the 
atoms, leaving the remainder of each atom with an unbalanced positive 
charge due to the loss of the negative charge of the electron knocked off, as 
shown at (F). This causes these atoms to be ionized positively, and the 
freed electrons join the stream of moving electrons under the directive 
force of the applied e.m.f., possibly colliding with some atoms on their 
way and thus helping to liberate more of them. The positive ionized 
atoms are attracted toward the source of electrons by the negative charge 
and move slowly toward it. The gas is then said to be ionized. Electrons 
are detached from the gas atoms by collision with them, so this process 
is usually referred to as ionization by collision. 

The least energy with which an electron can collide with an atom and completely 
detach an electron from the atom of any gas or vapor is usually expressed in terms of 
the voltage required to impart enough velocity to the moving electron to enable it to 
strike the atom with sufficient force to dislodge an electron from it. This is known 
as the ionization voltage. The ionization voltage required to ionize mercury vapor is^ 
10.4 volts, for helium it is 29 volts, for hydrogen it is 13.6 volts, etc. 

If the electron strikes with insufficient velocity and force to completely dislodge 
an electron from the atom, against the attractive force of the nucleus, the energy of 
the striking electron is gained by the gas atom. The energy gained by the gas atom 
manifests itself at first by a displacement of one of the electrons of its inner orbit, 
to an outer orbit. This condition of instability of the atom does not last long, and the 
displaced electron will soon return to the inner orbit. Since an electron in an outer 
orbit possesses more potential energy than one nearer the nucleus, it must get rid of 
this energy as it moves from the outer orbit back to an inner one. This takes place in 
the form of a small quantity of radiated electromagnetic energy (a quantum) but it 
is of such a nature that it will not produce the sensation of sight. 

If the electron strikes the atom with sufficient velocity to dislodge an electron to 
a point outside of the atom beyond where any possible orbits of its electrons exist, then 
in this position the potential energy of the electron is a maximum and it will be at 
tracted along with the moving stream of electrons toward the source of positive charge 
which is causing the motion. Meanwhile, the positive ion will migrate in the opposite 
direction, toward the source of electrons, and when it gets near to it, it will attract an 
electron to it with sufficient velocity to bring it into one of its orbits. In doing 
80» It radiates the excess energy in the form of light of a characteristic color depend- 
ing on the chemical nature of the gas. Thus, in the neon gas used in the familiar 
electric display signs which possess the characteristic red or pink light, the light is 
due to the ionization of the neon gas in the tube, caused by the application of a volt- 
age to it to cause the electron stream to flow through the gas at a high velocity. The 
blue glow observed in vacuum tubes that are not well evacuated is also due mostly to 
the impact of the electron stream on the gas atoms which may be present. This fact is 
used as a test for the presence of gas, during the evacuation of vacuum tubes. 

The tungar rectifier tube employed in battery chargers operates by 
ionization of the argon gas it contains. The electron stream is furnished 
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by a filament which is heated to incandescence by an electric current. A 
positive potential applied to a carbon plate in the tube attracts these elec- 
trons at high velocity. On their way they collide with atoms of the, gas 
and liberate many more electrons by collision. These liberated electrons 
are immediately attracted by the plate, and move to it. This makes the 
electron stream and the current flowing through the rectifier and avail- 
able externally for useful purposes, much greater than if no ionization 
took place. 

268. Choice of electron emitter: From the foregoing, it is evident 
that a stream of electrons could be obtained for use in vacuum tubes in 
either of the three ways described. Up to the present time, the method 
of heating a suitable substance which gives off electrons when it is 
heated to a red heat by the passage of an electric current through a heat- 
ing filament, has been used exclusively in vacuum tubes. Much research 
work is being carried on toward the development of vacuum tubes in which 
electrons are emitted by some method less crude and less wasteful of en- 
ergy than by the application of heat. 

Some experimental tubes have been produced in which an ionized glow discharge 
was employed to produce a field between a cathode and a plate. Lately, the princi^e 
of photo-electric eniission has been applied to produce some very interesting experi- 
mental photo-electric vacuum tubes. In one of these, a single source of ultra-violet 
light placed at the center, illuminates as many as five independent cathodes placed 
around it, each one being coated with a light-sensitive material which gives off elec- 
trons freely due to the^ action of the light shining upon it. One of the problems en- 
countered in this work, is that of increasing the very limited amount of electrons emitted 
by photo-electric devices of the present ordinary design with the photo-sensitive ma- 
terials now available. The current flowing in photo-electric cells is in the order of 
microamperes rather than the current of milliamperes which exists in ordinary ther- 
rnionic vacuum tubes. Such small currents are troublesome to handle, for slight varia- 
tions affect them greatly. Another problem in these devices, is the development of an 
economical source of absolutely steady light for causing the electron emission. Any 
variation in the inteyisity of the light at once causes a change in the electron emission, 
resulting in a change in the current through the device. Also the methods of pro- 
ducing light at the present time are much less efficient from the standpoint of the 
loss of energy, than those of producing heat. Nevertheless, new developments along 
these lines may be expected in the next few years, for the elimination of the heaters 
and the heater current in modern vacuum tubes would result in the elimination of 
many of the troubles and ills to which radio equipment is now subjected. 

Since our present forms of vacuum tubes employ electrons produced 
by heating certain substances, we will now study their operation. 

269. Two-electrode vacuum tube: In 1896 Dr. J. A. Fleming 
investigated the “Edison effect” described in Article 262. His work re- 
sulted in the development of the two-electrode tubes shown in Fig. 190. It 
was referred to at that time as the Fleming Valve, and the term valve is 
still used in Europe, to designate what in America is familiarly known as 
a vacuum tube or electronic tube. The term valve is roughly descriptive 
of the real operation of the tube. 

As shown at (A) of Fig. 190, a V-shaped filament is connected across the term- 
inals of a battery (called the “A” battery), or other source of e.m.f., with an ad- 
justable resistor R, in series, to control the current flowing through it, and therefore 
its temperature. The tungsten filament wire, is mixed or coated with a substance such 
as barium oxide which emits electrons freely when heated to a low red heat. In order 
to prevent rapid oxidation and burning up of the filament when it is heated to incan- 
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d«scence by the current flowing through it, it is sealed in a glass bulb from which 
every trace of air has been pumped out. This is represented by the circle around the 
tube elements in the diagram. The ends of the filament are sealed into the glass bulb, 
to prevent any leakage of air. Removing the air from the bulb also performs the 
function of removing these comparitively large air or other gas atoms from the space 
surrounding the filament, for they, having a mass over 1,800 times as great as that of 
an electron, would block and interfere with the emission and movement of the elec- 
trons, as explained later. When the filament is heated, it will emit electrons in rapid 
motion. These will form a sort of miniature cloud around it. as shown at (B) of 
Fig. 189, much like the cloud of water vapor which hovers over a pan of boiling water. 
These electrons have no particular place to go, and since they are all negative charges 
of electricity, return to the filament. The collection of all of these negative charges of 
the electrons in the space around the filament forms a rather strong negative charge 




Pig. 190 — Arrangement of the elements and action of the 2-electrode vacuum tube. The plate 
saturation characteristics produced by complete attraction of all of the emitted 
electrons is shown at the right. 

called the apace charge, which will tend to repel back to the filament, those negative, 
electrons which are being emitted after them (like charges repel each other). 

If now, a metal plate P, or second electrode is sealed into the glass bulb as shown 
at (A), we have a duplication of the effect which puzzled Edison. If the plate is kept 
at a positive charge or potential with re.spect to the filament, either by connecting it 
to the positive terminal of a second battery (called the “B” battery), or to some other 
source of unidirectional e.m.f., as shown, to make the charge stronger, it will attract the 
negative electrons to it (a positive charge attracts a negative charge) as soon as they 
are emitted from the filament. If the plate is made negative, that is a negative charge is 
put on it, by connecting it to the negative leg of the filament circuit or to the negative 
terminal of the B battery, with its connections reversed, it will repel the electrons 
back to the filament, and none will go to the plate. We are not intere.sted in the latter 
connection, for tubes are not operated this way in practice. It is evident that the 
negative end of the B battery may be connected either to the negative end of the A 
battery or to the positive end of the A battery. Very little difference results from 
either connection. In some battery operated receivers the A i- and B — terminals 
are connected together, in others the A _ and B— go together. The latter method 
has several advantages, one of which is convenience in grounding the A — and B — lines 
both to the metal chassis of the receiver. 

With the plate positively charged, a steady stream of electrons will be attracted 
from the filament to the plate and will then continue their journey around the circuit 
from the plate to the B battery, through the B battery from the 4- to the — terminal, 
up through the filament leg on the right, and back to the filament. We thus have a 
circulation of free electrona from filament to plate and back through the B battery 
to the filament or electron emitter again, just as many returning every second as are 
emitted during that second, i.e., there are no electrons lost or gained. This circulation 
of electrons in the plate circuit constitutes the flow of electric current, called the plate 
current or emieeion current, in the opposite direction, i.e., from plate to filament, for 
the reasons mentioned in Article 26. It is important to keep in mind always this 
difference in direction between the plate current flow and the electron flow in the vac- 
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uum tube and all other electric circuits. At (A) in Fig. 190, the directions of both the 
filament current and the plate current flows are indicated by the arrows (from the -|- 
terminal of the source of e.m.f. to the — teiminal), at the left of Fig. 191 the relative 
djrections of both the electron flow and plate current flow in the plate circuit are in- 
dicated. If a milliammeter were connected between the B battery and the plate, it 
would indicate a flow of current in the plate circuit, just as the galvanometer used by 
Eldison in his test indicated. 

It is evident that the apparent mystery in the effect which Edison 
noted in his incandescent lamp was really due to the fact that while it was 
then supposed that the space between the filament and the plate was ab- 
solutely empty, actually it was filled with moving electrons emitted by 
the hot filament, and constituting the flow of electric current which was 
indicated on his meter. No electrons are usually given off by the plate, 
because it is maintained at a low temperature. 

270. Saturation current: Let us study this interesting device 
further, with particular regard to the manner in which the plate current 
varies and the means by which such variations may be brought about. 
Obviously, the number of electrons which pass in a given time across the 
space from the filament to the plate and then around through the external 
plate circuit back to the filament, is limited by the number of electrons 
emitted by the filament and by the ability of the plate to attract the elec- 
trons so emitted. The electron emission for a given filament, depends on 
its temiierature, which in turn depends upon the heating current flowing 
through it. The ability of the plate to attract the negative electrons de- 
pends upon the difference of electrical potential maintained between the 
plate and the electron emitter by the B battery. 

* Due to the fact that there is a uniform I X R drop through the fila- 
ment due to its resistance and the current flowing through it, different 
points along the filament are at different potentials, so that we must decide 
upon some one definite point on the filament as the reference point from 
which all differences of potential in the tube shall be measured. It has 
become standard to consider this point to be the negative end of the elec- 
tron emitter or cathode. In tubes of this kind, since the cathode is the 
filament, the negative terminal of the filament is considered as the refer- 
ence point from which all differences of potential are measured. Thus, in 
speaking of the plate potential or voltage, we mean the difference in po- 
tential between the plate and the negative terminal of the filament, etc. 
(In the case of separate-heater type tubes, the cathode is the potential 
reference point in the tube.) 

It follows then, that the plate current is limited by the filament cur- 
rent and the plate potential. Therefore, the plate current of a two, elec- 
trode tube may be varied either by varying the. plate potential or the fila- 
ment current. 

Let us next investigate just how the plate current changes with varia- 
tions of either of these two factors : 

Experiment: Connect up. the two-electrode tube as shown at the left of Fig. 191. 
(An ordinary 3-eleetrode type 201- A tube can be used with its grid terminal connected 
to its plate terminal so they both perform the function of a plate. This will then be 
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equivalent to a 2-electTode tube.) The actual set-up of the simple apparatus for this 
test is shown in the photograph at the right of Fig. 191. A variable resistance R, 
having a maximum resistance value of about 30 ohms is connected in series with the 
0-0.6 amp. d-c ammeter in the filament circuit, as shown. This rheostat is the one 
shown in the foreground in the photograph. A variable high resistance (about 
0-60,000 ohms) shown in the rear, is connected in series with a B battery or other 
source of steady d-c potential of about 90 volts, and a voltmeter having a range ^t 
least from 0-100 volts are connected as shown. Set the filament current constant at 
about .2 amperes, and starting with zero plate voltage, take readings on the plate milli- 
ammeter and voltmeter for each increase of 10 volts in the plate potential. Set the plate 
potentials carefully by means of the resistor R.j. Now set the filament current fixed at 
0.25 amperes and repeat the tost. It may be necessary to increase the plate voltage 
above 90 volts in order to reach the condition where the plate current increases very 
little with each 10-volt increase of plate voltage. Each test should be continued until 
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Fig. 191 — Left Apparatus connections for measuring the characteristics of a 2-electrode 
vacuum tube 

Right. Actual set-up of the apparatus for this test. 


this condition is reached. If it is necessary to go above the voltage limit recommended 
by the manufacturer for the tube used, keep this voltage applied only long enough to 
make the test. Now plot a graph with plate voltage as abscissae (horizontal scale) 
and plate current in milliamperes as ordinates (vertical scale). Do this for each set 
of readings, one for the filament current at .2 amps, and the other for the filament 
current at .25 amps. 

The graphs will be of the general shape shown at (E) of Fig. 190. They show at 
a glance how the plate current varies as the plate potential or voltage is increased. 
An examination of the curve for the lower value of filament current shows that as the 
plate voltag^e is increased, there is a rapid increase in the plate current at first. After 
a certain value of plate voltage is applied, there is no appreciable increase produced 
in the plate current by increasing the plate voltage. This is shown by the fact that the 
curve becomes horizontal when this point is reached. If the curve for the higher fila- 
ment current is plotted, it is found that the curve coincides at the lower end with the 
one already plotted, but that the plate current continues to increase above the bend 
reached before. After a certain value of plate potential is applied, the plate current 
again fails to increase for further increase in plate potential. In this case, however, a 
higher limit of plate current has been obtained from the tube than before. If a series of 
similar curves were constructed, with each one corresponding to a definite filament cur- 
rent, the same characteristics would be noted in each, namely a part where the plate 
current increases with plate voltage, and a part where the plate current no longer 
increases if the plate voltage is increased. 

From this family of curves, it is at once evident that with any constant filament 
current there seems to be a definite plate current which cannot be exceeded. Moreover, 
this set of curves shows us that if the filament current is increased to a higher fixed 
value, the maximum value of the plate current also increases. From this data, it is 
evident that some condition exists within the vacuum tube which limits the amount 
of plate current which can flow in it. In the second place, it seems quite certain that 
this limiting factor depends upon the filament temperature, which in turn is con- 
trolled by the filament current. We can now summarize these experimental facts by 
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■ayinsr that the maximum plate current which can flow for a given plate voltage 
depends upon the temperature of the filament. We will now see the reason for this. 

The proportion of the emitted electrons which are attracted to the 
plate, depends on the strength of the plate potential. When the filament 
temperature is kept at a constant value, and the plate potential iy grad- 
ually increased, the number of electrons attracted to the plate per second, 
and therefore the current in the plate circuit, will gradually increase as 
shown at (B) and (C) of Fig. 190. This will continue until a condition 
is reached where the plate attracts the electrons over to it at the same rate 
as they are emitted from the filament, as shown at (D) . It is evident that 
when this condition is reached, any further increase in the plate potential 
will not cause any increase of the plate current, since if the plate is at- 
tracting all of the electrons as fast as they are given off by the filament, 
it cannot attract a greater quantity unless the filament is made to give 
off more electrons per second by increasing its temperature. This max- 
imum plate current, beyond which there is no increase for increased plate 
potential, is known as the saturation current of the tube, for the corres- 
ponding filament temperature and plate voltage. 

For any given filament temperature then, there is a definite value of 
maximum plate current which can be obtained, occurring when the plate 
attracts the electrons at the same rate that they are emitted. It is essen- 
tial that a tube be designed so its filament is able to emit electrons at a 
sufficiently rapid rate so that saturation never occurs at the normal fila- 
ment current and plate voltage at which the tube is to operate in practice. 
Jdodern tubes are designed with electron emitters able to supply an ample 
quantity of electrons. 

271. Space charge and the screen grid tube: Let us now keep our 
tube connected as in Fig. 191, and with the plate potential fixed at about 
60 volts, vary the filament current from 0 to about 0.3 ampere (taking the 
readings above 0.25 ampere quickly) , taking readings of the plate current 
and filament current for every increase of about .02 ampere of filament 
current. This is repeated for a fixed plate potential of about 90 volts, and 
graphs are plotted from the readings as shown at (F) in Fig. 192. It will 
be noticed that the plate current increases as the filament current and 
temperature of the filament are increased, up to a certain value, after 
which further increase of filament current has no effect on the plate cur- 
rent. If the plate potential is then increased, a larger value of plate cur- 
rent may be obtained, but a critical point is again reached where further 
increase of filament current does not result in any increase in plate cur- 
rent. Let us see why this is : 

When the filament o cold, since no electrons are beinjj emitted, no electrons and cur- 
rent flow in the plate circuit, as shown at (A) of Fifi:. 192. If the filament is gradually 
heated, by increasing the current from the “A” battery, it begins to give off electrons 
when it has attained a dull red heat, as shown at (B). The number of electrons emittCKl 
by the filament increases approximately as the square of the excess filament temperature 
above red heat. At any instant, the space between the hot filament and plate contains 
those emitted electrons moving on toward the plate, to be absorbed there. As the 
filament current is increased and the filament temperature is thereby raised, as shown 
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at (C) and (D), the rate of emission of the electrons increases. Therefore, at any instant 
the number of electrons present in the space between the filament and the plate de- 
pends on the rate of emission by the filament and the rate of attraction by the plate. 
The steady increase of filament temperature increases the electron emission from the 
filament and also the number in this space. As these electrons are all negative charges 
of electricity, the cloud of them around the filament causes a combined negative charge 
in the space around the filament. This tends to repel back any electrons emitted from 
the filament. Also, between the filament and the plate there is an electric field due 
to the positive plate. This tends to pull the emitted electrons toward it; while at the 
same time there is this other electric field due to the cloud of electrons around the 
filament, tending to repel them back to the filament. This latter charge is known as 


HO ELfCTBONS FTW FLECTWlMS mOK ELECTPONS 



COLD (A) 
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SPACE CHAQ<^ 




Pig 192 — Space-charge effect of the 
cloud of negatvie electrons around a 
filament This combined negative charge 
repels the electrons back to the fila- 
ment 


the space charge) it is the negative charge due to the accumulated electrons in tha 
space between the filament and plate. A more detailed explanation of this follows: 

At (E) of Fig. 192, let A, B and C be three electrons occupying different posi-'‘ 
tions at some instant while on their way to the plate. Electron C is near the plate 
and is therefore attrecced strongly by the positive charge on the plate, and is re- 
pelled toward the plate by the negative charges of all the electrons back of it, since 
they have like charges. Therefore, it will undoubtedly go to the plate. Electron B is 
attracted by the plate, and repelled back by the elctrons between it and the plate. 
Electron A is urged towrrd the plate by the hot filament, is attracted toward the 
plate by the positive charge on the plate, and is repelled back toward the filament by 
the combined negative space charge due to the individual negative charges of all the 
electrons in the space between it and the plate. Whether it will move toward the plate 
or re-enter the filament depends upon w'hich of th‘='se opposing forces is greatest. If 
the plate voltage is made high enough, the plate will of course attract it over to itself. 

It is evident that when the electrons moving across the space between the filament 
and plate become so dense that their combined negative charge — “space charge^ — is 
equal to, or greater than, that of the plate, they neutralize the action of the plate and 
the electron flow to the plate cannot increase even though the temperature of the fila- 
ment is raised. When this condition results, any additional electrons emitted into 
the space of the tube by the filament, will make the space charge overbalance the plate 
charge and repel the excess emitted electrons back to the filament as shown at (D). 
In order to increase the plate current under this condition, the attractive force of the 
plate must be increased by increasing the plate voltage applied to it. Thus, for every 
fixed value of plate voltage, there is a certain value of filament temperature beyond 
which no increase in plate current can be obtained. 

As a result of this repelling: action of the electric field caused by the 
space-charge of the electrons moving in the space between the filament and 
the plate, it is evident that the resultant effective electric field intensity 
and attractive force of the plate for the emitted electrons, is much leas 
than we would expect to find from a consideration of the applied value 




ELEMENTARY STUDY OF THE VACUUM TUBE 


397 


of the B battery voltage alone. Since the attractive effect of the positive 
charge on the plate is lessened by this space charge, it follows that fewer 
electrons will move from the filament to the plate during each second for 
a given filament current and plate voltage, and consequently a smaller 
plate current will flow. As we shall see later, the harmful effects of the 
space charge are eliminated by the construction employed in the screen- 
grid tube. In this, an open-wire mesh or spiral wire is placed around the 
heater or filament and is kept at a positive potential with respect to it 
and thereby neutralizes the space charge. It is of open construction to 
allow the electrons to shoot through its open spaces freely and it is kept 
at a positive potential much lower than that of the plate so the latter will 
tend to draw the electrons right through the open spaces in it. 

An idea of how large a number of electrons are travelling from the 
filament to the plate and back through the external plate circuit in the 
modern vacuum tube, may be gained from the fact that an ordinary 227 
type tube has a plate current of 5 milliamperes flowing w'hen the plate 
voltage is 180 volts. Remembering that a flow of one ampere of current 
constitutes the flow of 6.28 X 10'* electrons flow’ing past every point in 
the circuit each second, we can easily calculate that in this tube 3.14 X 10** 
electrons are flowing from the filament to the plate every second. This 
means 3.14 times a thousand million million electrons per second. The 
cathode supplies these electrons. 

272. Two-electrode rectifier: The two-electrode tube just de- 
scribed was used in the early days of radio as a detector in place of the 
crystal detector described in Chapter 16. It is still used as a detector 
(commonly called a diode detector) in some radio receivers. It finds its 
greatest use however, as a rectifier of alternating current in high-voltage 
B-power supply units, for which it is marketed in the special form known 
as the ’81 type rectifier tube. When an alternating radio-frequency signal 
voltage, or a-c line voltage is applied to the plate circuit instead of the “B” 
battery, no current flows during each half cycle when the plate is made 
negative with respect to the filament, since the electrons do. not reach 
the plate on account of the repulsion from it; but electrons and current 
do flow when the plate is made positive. Thus only one-half of each 
alternating current voltage w’ave is effective in causing a plate current to 
flow and the tube acts as a half-wave rectifier. The half-wave current 
flowing in its plate circuit is of the form shown at Fig. 151. When another 
plate is added as in the ’80 type tube, we have a full-wave rectifier. Vac- 
uum tube rectifiers play an important part in the successful operation of 
electric receivers, for changing the alternating current obtained from 
the a-c electric light socket, to direct current. They will be studied in 
detail later, in Chapter 27. 

273. Three-electrode tube; The development of the two-elec- 
trode tube by Dr. Fleming was the forerunner of the modern three-elec- 
trode vacuum tube which was invented by Dr. Lee De Forest in 1906. 
He called it the audion. probably because he found that on inserting a third 
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electrode (the grid) between the filament and plate, he obtained a large 
increase in sensitivity, and louder volume of sound when this arrange- 
ment was used as a detector in place of the crystal detectors and coherers 
then in use. This resulted from the grid’s action in responding to the 
feeble flow of energy collected by the antenna, and so affecting the plate 
current (electron flow from filament to plate). The introduction of the 
grid also made possible audio-frequency amplification, radio-frequency 
amplification and the adaptation of the vacuum tube to radio-telephone 
and telegraph transmission where it is employed as a generator and modu- 
lator of high-frequency currents. There is no doubt that without the 



“triode” or three-element vacuum tube, radio telephony could never have 
even approached the state of perfection it enjoys today. 

The three-electrode tube is essentially the same as the two electrode 
type, but has in addition a third electrode or grid in the form of a metallic 
mesh, (or usually a coil of very fine wire with widely spaced turns) , placed 
between the filament and the plate. The elements are arranged as shown 
at (A) of Fig. 193 which shows a top view looking down on the top of 
the tube. The filament is surrounded by the grid (shown in elevation at 
(C), and the grid is surrounded by the thin metal plate (shown in ele- 
vation at D) . In this way, the electrons emitted from all sides of the fila- 
ment wire are attracted by the plate and must flow through the open 
spaces in the grid winding or mesh. 

The connections made from the ^rid, filament and plate to the prongs of the 
tube base, as they would appear when looking up at the bottom, are shown at (B), 
(C) and (D). On one side of the base of some tubes is a small pin which acts as a 
guide when inserting the tube in the old shell-type socket. In the three-electrode tube, 
the two ends of the filament connect to the two prongs of larger diameter as shown. 
One of the grid supports connects to one of the remaining thin prongs. The other 
grid support serves no purpose other than to support one side of the grid wires. One 
of the plate supports is connected to the remaining thin prong on the base. 

In making radio diagrams it is not convenient to draw the parts of the tube as 
shown here. Therefore the symbol shown in Fig. 194 is generally used to indicate the 
glass bulb containing the filament, grid, and plate. The symbol places the grid be- 
tween the filament and plate just as it is actually placed in the tube itself. The sym- 
bols commonly .used to represent the various common types of vacuum tubes will be 
found in the Symbol Chart in Appendix A at the back of this book. 
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Since, in the two-electrode tube, with a given hlament temperature 
the fate of flow of electrons depends on the potential of the plate, if a 
third electrode, or “grid,” is inserted between the fllament and plate so that 
the electrons must go through the open spaces in it on their w'ay to the 
plate, then, by varying the potential of this third electrode, the electron 
flow can be controlled. Since the grid is in the midst of the space charge, 
when it is made more positive (with respect to the negative terminal of 
the filament) by means of a battery (called the “C” battery) as shown at 
(B) of Fig. 194, or some other source of potential (such as the radio sig- 
nal voltage), it tends to neutralize the effect of the space charge, thus re- 
ducing the opposing force of the space charge and consequently making 



(A) GfflO CIRCUIT OPCN (B) GRID POSITIVE (C) GRID NEGATIVC 


Fig. H4 — Action of the 3-electrode vacuum tube with (A) grid circuit open; (B) grid 

positive; (C) grid negative. 

• 

it easier for the emitted electrons to get to the plate. This therefore in- 
creases the electron flow and the plate current. 

When it is made more negative (by connecting the negative terminal 
of a battery to it as shown at (C), or by some other source of e.m.f. such 
as the radio signal voltage) , it assists the space charge in repelling more of 
the emitted electrons back to the electron emitter. Therefore the emitted 
electrons meet more opposition than ever in attempting to pass from the 
filament through the grid to the plate. Fewer of the electrons get through 
to the plate and consequently the plate current decreases. If it is made suf- 
ficiently negative, the plate current will be reduced to zero that is, the flow 
of electrons through the grid to the plate will be shut off completely. 
The grid therefore acts like a valve in controlling the flow of electrons 
(plate current) in the tube. It is for this reason that it is commonly 
referred to as a valve in Europe. When the grid is made positive, it col- 
lects a few electrons itself, acting like a second plate, giving rise' to a 
current in the grid c.rcuit from grid to filament. This should be remem- 
bered, as it becomes important in the practical use of the three-electrode 
tube as an amplifier in modern receiving sets. The flow of grid current is 
generally undesirable in tubes used as amplifiers (see Art. 340). 

This effect of the grid in either increasing or decreasing the electron 
flow and the plate current, is of exceedingly great importance in radio work. 
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It is this effect that enables us to control comparitively larg:e currents in the plate 
circuit either by impressing the varying signal-voltage upon the grid ■ (“input”) circuit, 
so that it drives the grid alternately “positive” and then “negative”; or else so 
that it serves to raise and lower the voltage of the grid above and below a sufficiently 
large steady negative voltage which is also applied to the tube. This latter voltage 
is called the C-bias voltage. In the latter case, the grid always remains “negative”. 
The incoming alternating signal voltage merely makes it successively more and less 
negative from its C-bias value. This is the more common way of operating vacuum 
tubes as detectors and amplifiers. 

274. Amplifying property: It is evident from the foregoing con- 
siderations, that the plate current in a three-electrode tube can be varied 
by varying any of three factors, the filament current, the grid potential, 
or the plate potential. The grid of the tube, being much closer to the 
filament than the plate, can, when a potential is applied to it, control the 
electron emission far more effectively than the same potential applied to 
the plate. 


Suppose the grid potential of a tube is increased in the positive direction by, say, 
two volts. This would lesult in a plate current increase ut, say, four milliamperes. 
Now, obviously, the plate current could also have been inci eased the same amount of 
four milliamperes by increasing the plate voltage instead ot the grid potential. Hut 
it takes a considerably larger increase in plate voltage to affect the plate current to 
the ^ame extent* as that caused by a given increase in grid potential, since the grid 
is much nearer to the filament than the plate is, and therefore controls the electron 
flow more effectively. In the standard 201A tube a given grid voltage change will 
produce eight times as much plate current change as an equal change in plate voltage 
will. For a 224 type tube this ratio is about 400! That is, it requires JtOO times as 
large a plate voltage change to affect the plate current to the same extent as that 
accomplished by the “control” grid. Consequently, the nil f age amplification factor of the 
224 tube is 400. We thus have a sort of trigger action here, a small voltage change 
applied to the grid varying the plate current just as effectively as a much larger 
voltage change on the plate would do it. The relative effects vary inversely as 
the cubes of the relative distances between the elements in the tube. 


In a radio receiving set, we are interested in taking the very weak 
varying a-c incoming signal voltage set up in the aerial circuit and am- 
plifying it greatly by making it produce large plate current changes in 
amplifying tubes arranged in proper circuits. Know ing that changes in 
plate current can be produced by either a change in grid voltage, a change 
in filament voltage, or a change in plate voltage, it is evident that the vary- 
ing signal voltage could be applied in either one of these three circuits m 
the tube, as shown in Fig. 195, and it would produce a variation of plate 
current in each case. (We will neglect the fact that the signal must first 
be rectified in order to be heard in the phones.) If y\e connect a sensi- 
tive earphone or loudspeaker in the plate circuit as shown, any change in 
the plate current which flow's through the magnetizing windings, will pro- 
duce motion of the diaphragm. This wdll in turn produce sound w'aves. 
We are interested in finding out in which of these arrangements a given 
variation in signal voltage will produce the greatest corresponding varia- 
tion in plate current, because the greater the variation in the plate current 
the larger will be the amplitude of vibration of the earphone diaphragm 
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and the louder will be the sound produced. At (A) the signal voltage is 
applied to the grid circuit, at (B) it is applied to the filament circuit, at 
(C) it is applied to the plate circuit. The exact mathematical relation for 
the amplification produced will be studied later. 

If the incoming varying signal voltage is applied to the grid circuit 
it will produce much larger changes in plate current (depending upon the 
amplification factor of the tube used) than if it were applied to either 
the plate circuit or the filament circuit. Hence, since the volume of sound 
produced by the loud speaker depends on the amplitude of the plate cur- 
rent variations in the last tube, the circuits of all modern receiving sets 
are arranged so the varying signal voltages are applied to the grid cir- 



IN GRID CIRCUIT IN FILAMENT CIRCUIT IN PLATE CIRCUIT 


Pig 195 — A Signal voltage may be applied either in the grid, filament, or plate circuits of 
a vacuum tube as shown It has greatest effect on the plate current flow when it 
is applied in the grid circuit. 

cuit (between the grid and electron emitter or cathode circuit), so as to 
eause corresponding variations in the grid potential and so cause similar 
larger variations in the plate current of the tube. The plate current varia- 
tions are much greater in amplitude, but the same in wave form, as the 
applied signal voltage variations. This amplifying property of the three- 
electrode tube is one of its most valuable properties. 

In Fig. 196 are shown the various parts of a typical 3-elec- 
trode tube designed for operation from batteries. Looking from left to 
right we have the plate, grid, mounted filament, three-electrode assembly 
sealed in a glass tube, and the complete tube. Notice that in the final tube 
the V shaped filament is in the center; around ^his is the spiral wire grid; 
and surrounding these is the metal plate. The filament in this tube is so 
fine that it is not visible in the illustration. 

By employing an amplifier circuit with several tubes, an amplifica- 
tion of many thousand-fold may be obtained, since the plate current 
changes in the first tube act on the grid of the next tube, through the 
coupling device between them, and so on. The source of e.m.f. in the plate 
circuit (B battery or B voltage supply device) furnishes the energy which 
is added to that of the incoming signal by the vacuum tubes. 

275. Characteristic curves: The behavior of vacuum tubes is best 
indicated by curves showing the relation between the various factors. The 
actual change in plate current due to a change in potential on the grid of 
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an ordinary radio detector or amplifier tube is shown at the right of Fig. 
197 by the characteristic curve. This can be obtained, by measuring with 
a milliammeter, the plate current which flows when various measured volt- 
ages are applied to the grid. The curve is important, for it is by reason 
of the shape of its various portions that the tube is able to perform its 
many different functions. The use of a “C” battery (Fig. 194), presents a 



Courtesy R C A. Radiotron Co 

big 106— Several stages in the assembly of a ‘01-A type O-eler-irotle tube. 


convenient w'ay of placing any desired .steady potential on the grid. It 
can be made stronger or weaker bv varying the battery, and ciin be made 
positive or negative by reversing the connections of the battery. The 
connections of simple apparatus for making a te.st of this kind on 3-elec- 
trode tubes, are shown at the left of Fig. 197. In Fig. 199 a more elabor- 
ate tester for obtaining the characteristics of almost any tube, is shown. 

The grid voltage can be varied and the i)late current measured for 
each step, the plate voltage and filament current remaining constant. 
Three curves are given, one for each plate voltage. At zero grid poten- 
tial ( point A on the curve), the plate current has a definite value. As the 
grid potential is made more and more negative, the plate current de- 
creases. As it is made more and more positive, the plate current increases. 
The curve has two distinct bends, one at B and one at C. These are called 
the “knees” of the curve. 

It is interesting to note that in the region of the negative grid poten- 
tial, since there is practically no grid current flowing, we have the condi- 
tion where a mere change of the potential applied to the grid circuit, con- 
trols the plate current or energy in the plate circuit. 
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In the practical operation of a tube, the temperature of the filament 
and consequent electron emission must be sufficiently high so that the 
normal plate and positive grid voltages do not cause saturation of the 
tube (see Art. 270), for if this happens, the grid cannot control the plate 
current and the tube becomes inoperative. 

276. Types of tubes: Although the 3-electrode vacuum tube just 
described is perhaps the simplest type in use in present day radio equip- 
ment, we shall find that the special construction features employed in the 
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Pig. 197 — Left: Circuit of testing equip- 
ment for finding characteristic curve 
data of a 3-electrode tube. 

Right: Grid-voltage plate-current char- 
acteristic of 3-electrode tube. 


fhany other forms of tubes now employed as amplifiers and detectors, are 
all attempts to adapt the basic principle of the 3-electrode tube to more 
convenient forms of tubes having certain desirable special characteristics 
for the particular purposes for which they are employed, and which this 
simple tube does not have. For instance, the a-c heater-type tube was 
simply designed to overcome tne necessity for using batteries to supply 
the filament current of the simple C-electrode tube. The screen grid tube 
was designed to overcome the objectionable grid-to-plate capacitance ex- 
isting in the simple tube. The pentode tube was designed to overcome the 
effects of secondary emission existing in it. Each type of tube was de- 
veloped for a specific reason and purpose. 

In order to understand how these characteristics differ, it will be 
necessary for us to study in detail just what the important operating 
characteristics of a vacuum tube are, and how the tube design influences 
them. This will form the basis of our study in the next chapter. 


REVIEW QUESTIONS 

1. Upon what fundamental principle does the operation of all forms 
of thermionic vacuum tubes depend? 

2. Upon what fundamental principle does the operation of photo- 
electric tubes depend? 
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3. Explain the "Edison effect”. 

4. What is the difference between a vacuum tube and a valve? 

5. What is an electron ? How is the electron related to the atom ? 

6. Explain the phenomenon of electron emission by the applica- 
tion of heat. What is the cathode; the anode or plate? 

7. How is the flow of electrons in a conductor affected by the dif- 
ference of electric potential across it? 

8. How does increase of temperature affect the emission of elec- 
trons from a heated body? 

9. Is the popular idea that electricity flows from positive to nega- 
tive really correct? Explain. 

10. In a vacuum tube why do electrons flow from the filament to the 
plate but not in the reverse direction? 

11. Why must the plate in a vacuum tube be kept relatively cold? 

12. What happens if the grid is made (a) more positive with re- 
spect to the filament (b) negative with respect to it? 

13. Describe a 2-electrode tube and explain its operation. 

14. What is the most important use of two-electrode tubes at 
present ? 

16. Describe a 3-electrode tube and explain its operation. What is 
it used for? 

16. Why is the plate current stronger when the filament is bright 
than when it is dim? Does it continue to increa.se indefinitely 
as the filament current and temperature are increased? Ex- 
plain why. 

17. What is the space charge in a tube and how does it affect the 
operation of the tube? Is it desirable? 

18. How' does the plate current of a tube vary as the plate voltage 
is increased? Show this by a graph. Can the plate current be 
increased indefinitely by increase of plate voltage? 

19. What is the function of (a) the filament: (b) the plate; (c) the 
grid, in a vacuum tube? Draw a diagram showing their rela- 
tive positions and shapes in a 3-electrode tube. 

20. Why are the elements .sealed into a glass bulb from which the 
air has been exhausted? 

21. What is meant by ionization by collision? 

22. What is "secondary emission”? Explain how it is caused. 

23. Suppose you had a vacuum tube with its filament lit by an “A” 
battery, a pair of earphones, and a B battery connected in the 
plate circuit; and then connected a 4.5-volt dry cell C-battery 
with its positive terminal to A — , and the negative terminal to 
the grid. What would you hear ; (a) under the.se conditions ; (b) 
if you reversed the connections of the C-battery; (c) if you 
opened and closed the grid circuit rapidly; (d) if you connected 
in series with the grid circuit, a source of a-c voltage varying at 



ELEMENTARY STUDY OF THE VACUUM TUBE 406 

an audio frequency? Draw a diagram illustrating the connec- 
tions in each case and give the reasons for your answers. 

24. Explain in detail with sketches, 3 ways of heating a cathode in a 
vacuum tube in order to make it emit electrons. 

25. Describe a simple construction arrangement for a vacuum tube 
operating on the photo-electric principle. State 2 of the handi- 
caps which this type of tube must work under with present 
photo-electric sensitive materials and sources of illumination. 

26. Draw the filament current — plate current characteristic curve 
of a vacuum tube (at two different values of constant plate po- 
tential) and explain the reasons for its shape at low, medium 
and high values of filament current. 

27. Do the same for the plate voltage — plate current characteristic 
(at two different values or constant filament current). 

28. What is the difference between thermionic emission, photo-elec- 
tric emission, and secondary emission? How are each produced? 

29. What is meant by emission current? 

30. Draw the complete circuit connections for a 3-electrode tube 
with its filament and plate circuit batteries connected. By means 
of dotted arrows show the directions of the electron flow in the 
filament and the plate circuit. By means of solid arrows show 
the direction of the current flow. Explain! 
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VACUUM TUBE CHARACTERISTICS 

VACUUM TUBE CHARACTERISTICS — APPARATUS FOR DETERMINING STATIC 
CHARACTERISTICS — GRID POTENTIAL-PLATE CURRENT CURVES — PLATE 
VOLTAGE — PLATE CURRENT CURVES — V. T. NOTATION — V. T. CONSTANTS 
WHAT AMPLIFICATION FACTOR MEANS — SIMPLIFIED EQUIVALENT TUBE CIR- 
CUIT — D-C PLATE RESISTANCE ^ PLATE IMPEDANCE — MUTUAL CONDUCT- 
ANCE — TUBE CONSTANTS FROM CURVES — MEASURING TUBE CONSTANTS 
QUICKLY — TUBE CHECKERS — DYNAMIC CHARACTERISTICS — RESISTANCE 
OUTPUT LOAD — IMPEDANCE OUTPUT LOAD — VACUUM TUBE BRIDGE — TABLE 
OF V. T. CHARACTERISTICS — REVIEW QUESTIONS. 

277. Vacuum tube characteristics: The three-electrode vacuum 
tube is used to perform either of four major function.s ; that is, it may be 
used as a detector, amplifier, oscillator or modulator. The four and five- 
electrode tubes may be employed for similar purposes. In all of these 
cases, however, we are concerned with producing variations in the steady 
plate current of the tube by means of variations in the potential differ- 
ence applied between the grid and cathode. 

In the ordinary 201-A type tubes etc. ,the cathode is the filament itself; in the 
separate-heater type tubes, the cathode which emits the electrons is independent of the 
heater filament. In any case, the cathode is the part of the tube which emits the elec- 
trons; the anode or plate, is the part to which the.se emitted electrons are attracted. 

In practice, the filament (or heater) voltage of a tube is adjusted to 
a certain fixed value specified by the tube manufacturer, depending on 
the particular design of the heater of the tube. Then the correct filament 
current will flow. Thus the filaments of 201A, 112A and 171A tube.s are 
designed to take 0.25 amperes at 5 volts; those of the 227, 224 and 247 
tubes take 1.75 amperes at 2.5 volts, etc. Under ordinary conditions, the 
voltages and currents specified for the heater filaments by the manu- 
facturers, are such as to operate the filament at a temperature which will 
insure an operating life of at least 1,000 hours and a sufficient supply of 
emitted electrons from the cathode for proper operation of the tube. Con- 
sequently, we may forget these two constants of a vacuum tube because 
they are fixed in value and set by the designers and manufacturer. We 
must remember only to supply the proper voltage at all times. 

If the filament voltage and current are fixed, the plate current 
still depends upon two or three variable quantities. In the case of the 
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three-electrode tube, the grid and plate voltages affect it; in the four 
and five electrode types (screen and pentode tubes) the screen voltage 
also affects it. The manner in which these variable factors affect the plate 
current controls the important characteristics of the tube, and may be 
shown best by means of graphs called characteristic curves, somewhat 
similar to those discussed in the previous chapter. Since there are several 
variable quantities in tube operation, the determination of the tube char- 
acteristics consists of keeping the voltage applied to the filament constant, 
varying the voltages applied to the other electrodes, and measuring the 
resulting currents which fiow. We shall first consider the static character- 



F'ib r.»v — Arrangement of the electrodes in standard types of vacuum tubes in use in the 

United States. 


istics, i.e., the characteristics measured at steady values of potentials and 
currents. As we shall see later, these characteristics do not exactly re- 
present the conditions under which tubes operate in most practical cir- 
cuits, but they are very helpful in our study of vacuum tubes nevertheless. 
The characteristics which are obtained with alternating potentials applied 
to the grid circuit are called the dynamic characteristics and really repre- 
sent the actual working conditions of the tube. They require more elabor- 
ate apparatus for their determination however, and for all ordinary pur- 
poses of tube study, the static characteristics are considered as represent- 
ing the operating condition of the tube fairly accurately. 

The dynamic characteristics differ from the static simply because in actual tube 
operation the varying voltage applied to the grid circuit causes the plate current to 
vary. This varying plate current flowing through the usual earphones, loudspeaker 
winding, plate coupling resistor or transformer primary connected in the plate cir- 
cuit produces a varying fall of potential in it. This being subtracted from the applied 
steady plate voltage at every instant, causes the actual effective difference of potential 
between the plate and cathode of the tube to vary. The effective plate potential there- 
fore continuously varies with the variations of grid potential and plate current. This 
produces a further change of plate current at every instant, which of course is not 
shown by the static characteristic curves. 

278. Apparatus for determining static characteristics: The data 

for the static characteristic curves of practically all types of tub.es may 
be obtained by means of a tube tester employing the circuit arrangement 
shown in Fig. 199. This is a very useful piece of apparatus for any school 
or home laboratory. 

Since there are at present five really different terminal arrangements on standard 
vacuum tubes employed in the United States as shown in Fig. 198 (D and E have the 
same socket-terminal arrangement) this tester makes use of five separate tube sockets 
with their terminals suitably connected in parallel so that the proper connections are 
automatically made to the heater, grid, plate and screen grid electrode (if it has 
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one) of the particular tube tested, provided that tube is placed in the proper socket 
^8 marked in the diagram. When testing tubes which do not have a screen grid, there 
will be no reading on the screen voltmeter and millianimeter of course. The values 
shown for the battery voltages and the ranges of the various instruments, will enable 
tests to be made on all of the types of tubes listed in the diagram. For greater accur- 
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FIs 199 — Tester arrangement for obtaining static characterintics of any t>pe of luhe shown 

in Fig 19S 

acy when testing those types of tubes in which the voltage and currents are rather 
low, it is advisable to use meters of lower ranges in order to secure larger scale de- 
flections. Meters provided with adjustable shunts or multiplier resistors are of course 
very valuable in this work. It will be noticed that all voltages are arranged to be 
supplied by batteries. This is really preferable in most laboratory work, as the 
voltages will be steady. If desired however, the plate and screen voltages can be sup- 
plied by a well designed standard B-eliminator connected in place of the B batteries. 
The proper filament voltage for the particular tube tested should always be adjusted 
carefully by means of the filament rheostat and read on the filament voltmeter. The 
recommended values for filament voltages and currents may be obtained from the 
general tube characteristic chart in this chapter. This chart will also supply informa- 
tion as to the normal voltages and corresponding currents for the other elements of 
the tube. This information is very helpful in selecting the proper meter ranges to be 
used for the particular type of tube whose characteristics are to be taken. The double- 
pole double-throw switch in the grid circuit makes it possible to change the polarity of 
the grid without the necessity for changing the meter E, connection. 

Switches S-1, S-2 and S-3 in the grid, screen and plate-battery circuits enable 
these circuits to be opened when the in.strument is not in use, to avoid continuous dis- 
charge of the batteries through the voltage adjusting potentiometers P-1, P-2 and P I 
These may be in the form of locking push switches in order that they may be closed 
at the time the test is made, but may be readily released upon completion of reading 
of the meters. Potentiometers P-1, P-2 and P-3 should be well constructed with well 
designed sliding contact arms, to enable accurate grid screen and plate voltage settings 
to be obtained. They simply apply to the test circuits a certain definite proportion of 
the total fall of potential in the potentiometer resistance caused by the flow of the 
battery current through it (E^zIyR) in each case. By varying the position of the 
sliding contact, any voltage between zero and the maximum p.d. of the battery may 
be applied to the test circuit. Potentiometers are used extensively for this purpose. 

In the pentode tube, since the cathode or suppressor grid is already connected to 
the cathode or filament inside of the tube, no external connections need be made to it. 

279. Grid potential-plate current curves: The data necessary 
for drawing the grid potential-plate current curves of a tube may be ob- 
tained by means of the apparatus of Fig. 199 as follows : ■ 
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Experiment: Arrange the apparatus as shown, making tests on several common 
t3rpes of tubes. Set the filament current at the proper normal value recommended by 
the manufacturers, (see V. T. Characteristic Chart in Fig. 214). Set the plate volt- 
age at a fixed value of say 22.5 volts, and take readings of the plate current and grid 
potential for every step, as the grid potential is varied in steps of one volt, from a point 
where the plate current is zeio, to a positive grid potential of about 10 or 15 volts. 
Throwing the D.P.D.T. switch to the right makes the grid positive. The connections of 
the grid voltage meter E, do not have to be reversed. Then set the plate voltage at a 
higher fixed value of say 90 volts and repeat. Take the readings for several fixed plate 
voltage values in this way, up to the maximum rated plate voltage of the tube, and 
plot the reading^ to enable you to draw Ec — Ip (grid potential-plate current) curves, 
like those at (A) in Fig. 200. The student should learn the standard abbreviations 
and letter symbols for plate voltage, plate current, etc., used in radio work. These 
are listed in Appendix B at the back of this book. 

The family of E^ — Ip curves shown at (A) of Fig. 200 are those for 
a 227 type tube. They reveal several interesting and important facts. At 
the large negative grid potentials, there is little or no current flowing in 
the plate circuit, since the strong negative charge on the grid repels al- 
most all of the electrons back to the cathode, practically none of them 
getting through the spaces between the grid wires. As the negative grid 
potential is decreased, some of the electrons get through the openings in 
the grid and the space charge and the plate current begins to increase at 
a slow rate at first, then more rapidly, and finally in a steep straight line. 
If the readings were carried out with positive grid potentials large 
enough, the curves would finally flatten out horizontally when all of the 




Fix 200 — Left Family of Eg-Ip curves for a '27 type vacuum tube. 

Right Family of Ep-Ip curves for a '27 type vacuum tube 

electrons given off by the hlament at that particular temperature are 
drawn over to the plate as fast as they are emitted (saturation). 

If the plate voltage is now increased, and the test repeated with 
various grid potentials again, a new curve is produced which is to the 
left of the one just drawn, but practically parallel to it. The data for 
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.higher plate voltages will result in several other curves as shown. This 
is called a “family” of curves and gives us important information about 
the effect of the grid potential upon the plate current at various fixed 
values of the plate voltage. 

If a microammeter were connected in the grid circuit during the 
test, it would show that a very small current was flowing in the grid cir- 
cuit. The grid current curve for a 201A tube is shown at the lower right 
of Fig. 197. In all applications of the vacuum tube as an amplifier, the 
grid is kept at a high negative potential in order to keep the grid current 
as low as possible to prevent distortion as we shall see later, in Art. 340. 

280. Plate voltage-plate current curves: The effect of the plate 
voltage upon the plate current (grid potential kept constant) may be seen 
from the curves at (B) of Fig. 200. The data for these is obtained as 
follows, by means of the same apparatus: 

Experiment: Set the grid potential fixed at some value, say 4.5 volts for an 
ordinary receiving tube, and read and record the plate current and plate voltage for 
each step, as the plate voltage is increased in steps of about 20 volts at a time, from 
zero to the maximum rated plate voltage of the tube. Then change the grid potential 
to 10 volts negative and repeat the readings; then at 15, 20 volts negative, etc. The 
readings for a 227 type tube are plotted at (B). Note: This data may also he obtained 
directly from the curves at (A) by locating on the curves the proper values of plate 
and grid voltages and projecting across to the current scale to find the corresponding 
plate currents. 

The Ep — Ip curves at (B) show that the plate current increases as 
the plate voltage is increased, and as the grid potential is increa.sed toward 
positive. The curves are practically parallel over their straight parts, as 
shown. 

The curves of (A) and (B) enable us to calculate all of the constants 
of the tube, and also help us to foretell the behavior of the tube when it 
is connected into circuits with other apparatus of known electrical con- 
stants. They are of great value, in that they tell us a great deal about 
the characteristics of a radio tube at a glance. The general grid voltage- 
plate current curves for most tubes resembles those shown in (A) of Fig. 
200, although the numerical values of grid voltage and plate current will 
vary with the different types of tubes and different plate voltages. 

281. Vacuum tube notation: A very useful shorthand method of 
designating the various important factors affecting the operation of vac- 
uum tubes is in common u.se and the student is urged to learn and u.se these 
expressions in his work. The designation for plate voltage is Ep, for 
filament voltage Ef, for grid voltage Ej. Similarly, plate current is usual- 
ly written as Ip, filament current is If, and grid current is I,. The sub- 
script in each case indicates whether the quantity refers to the grid, plate, 
or filament circuit. A complete list of these abbreviations will be found 
in Appendix B at the back of this book. Other abbreviations will be 
mentioned as we proceed with our study. 

282. Vacuum tube constants: Every tube has certain constants 
and characteristics which indicate its value either as a detector, audio fre- 
quency amplifier, radio frequency amplifier or oscillator. The constants 
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are, the amplification factor, the d-c plate resistance, plate impedance, the 
mutual conductance and plate-to-grid internal capacity. The important 
characteristics are, the grid voltage-plate current curve, and the plate 
voltage-plate current curve. We have studied how to find the important 
characteristics, and will now proceed to a study of how the constants are 
determined. 



Fig 201 — Various methods of applying signal voltage to a vacuum tube circuit; variations pro- 
• duced in the plate current in each case 

283. What amplification factor means: The amplification factor 
is one of the most important constants of a tube, for the usefulness of a 
tube as an amplifier depends a great deal, but not entirely, on it. Let us 
study the action of the vacuum tube very carefully in order to see just 
what this important factor really means. First let us see why we use 
vacuum tubes as amplifiers anyway, and why we connect them as we 
do. 


All practical forms of earphones and loud speakers in common use 
depend for their operation upon the fact that a varying current sent 
through their actuating windings produces motion of the diaphragm, — re- 
sulting in sound waves. It is the amplitude of the variations in the cur- 
rent, not the total amplitude of the current itself (see Article 251), which 
determines how great the amplitude of the vibrations of the speaker dia- 
phragm are, and 1 3w loud the resulting sound will be. Remember this 
fact for it is important. Now let us refer to the simple receiving circuit 
shown at (A) of Fig. 201. 

For simplicity in our discussion we are going to overlook several technicalities 
which will not affect the tube action. First, we will eliminate the detector and con- 
sider that we may feed the alternating signal voltage appearing across the terminals 
of the tuning circuit, directly to the winding of a pair of standard earphones or a 
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loud speaker having: an impedance of 4000 ohms. Also we will assume that the sig^nal 
voltage appearing across the tuned circuit has a peak amplitude of four volts in each 
direction, that is, it varies from zero to four volts during each half of a r-f signal 
cycle, first in one direction and then in the other. Furthermore, for convenience, we 
will suppose it is of simple sine- wave form as shown at (B) . 



Fig 202 — CJraph.s .showinp .t< tual plate current variations riiusc^tl by intr(tfiu<jinK signal 
laiit-nrial inro (A> fbc plat** circuit of a tut)e ( It i the lirul cir- wit 


Under the conditions mentioned above, at the insiant that the maximum peak 
voltage is applied to the earphone or speaker winding each cycle, the current through 
it will simply be equal to I — E-f-Z or 1 — 4-^4000 ohms — .001 ampere or one milli- 
current therefore vanes as shown at (C) between the values of 0 and 1 
milliampere in each direction for each cycle, making a total variation of 2 m.a. The 
speaker diaphragm will move back and forth a certain amount due to this and a cer- 
tain volume of sound will lx* produced. This would be one way of operating the re- 
ceiver. 

Now let us suppose that the signal voltage were introduced m the plate circuit of 
•ay a 3-electrode vacuum tube instead, as shown at (D), with the earphones in series 
so the plate current of the tube flows through them. Let us assume that the tube is 
being operated at normal filament voltage and that the applied steady plate voltage 
is 100 volts and a steady grid potential of minus 10 volt.s is supplied by the C battery. 
Then during each half cycle, the a-c signal voltage introduced will be in the same 
direction as that of the applied tube plate voltage and will add to it, making it 100 4- 
4 or 104 volts. During the next half cycle it opposes it, making the net voltage actual- 
ly applied to the plate equal to 100 4 zzz IfO volts. Thus the effective plate voltage 

varies between 96 and 104 volts during each cycle. In order to see just what effect 
# * refer to (A) of Fig. 202 which repr«*sents the single characteristic curve 

of this vacuum tube for the operating conditions under which it is working, i.e., a 
steMy grid potential of minus 10 volts supplied by the (J battery. The no-signal con- 
dUion IS represented by point N. The signal voltage curve is drawn at the bottom 
aTOUt the axis O — O which represents the normal plate voltage of 100 volts. When 
the signal voltage goes to four volts in the direction opposite to that of the plate 
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voltage, aa represented by point B, the effective plate voltage becomes 96 volts and by 

S roj acting up on the Ep — Ip curve we find that at this voltage the piate current 
owing through the tube and earphones is 1.1 milliamperes, represented by C. 
On the next half cycle, the signal voltage is 4 volts in the opposite direction, as at 
point A, adding to the plate voltage and making the effective plate voltage 104 volts 
aa represented by point E on the curve. The plate current now flowing as represented 
by this point on the curve is 1.7 milliamperes. Therefore the plate current flowing 
through the earphones varies between 1.1 and 1.7 milliamperes about the normiu 
value of 1.4 m.a., or a total variation of 0.6 milliamperes during each cycle, as shown at 
(F) of Fig. 201. The plate current flow is represented by curve F. This is con- 
structed by projecting several points from the Ep sine wave up to the characteristic 
curve and then projecting oyer to the right. The plate current always flows in the 
same direction in the plate circuit, i.e., it is a unidirectional pulsating current, it mere- 
ly varies up and down from the normal no-signal value of 1.4 m.a. represented by point 
N. The variation of the earphone current is now only 0.6 m.a. each way as against the 
2 milliampere variation obtained by the arrangement of (A) of Fig. 201. Obviously, 
the signal will not sound as loud as before, so we have failed to gain anything by the 
use of the tube in this way, but have actually lost some volume. 

I Let us now see what happens if we introduce this same alternating signal voltage 
of 4 volts into the grid circuit of the vacuum tube, as shown at (G) of Fig. 201. The 
plate voltage now remains steady at 100 volts and the steady C bias voltage is 10 volts 
negative as represented by point H on the — Ip characteristic curve of the tube 
shown at (B) of Fig. 202. This is the characteristic for a plate voltage of 100 volts. 
When the signal voltage is maximum in the same direction as that of the C battery 
voltage (point M), it adds to it and thereby swings the grid potential to 10 4- 4 = 14 
volts negative. When it is maximum in the opposite direction (point P) the net 
grid potential is 10 — 4 = 6 volts negative. Obviously, the a-c signal voltage results 
in making the potential of the grid swing alternately 4 volts above and 4 volts below 
the steady negative voltage of 10 volts supplied by the C battery, during each cycle, 
that is, the grid potential varies between minus 6 and minus 14 volts as shown by 
points J and K on the characteristic curve. When the grid is at minus 6 volts, the plate 
current is found to be 4.5 milliamperes. When it swings to minus 14 volts, the plate 
current is practically zero. Therefore, while the signal goes through each cycle, the 
*plate current of the tube flowing through the earphone or loudspeaker winding now 
varies between 0 and 4.5 m.a. and the sound it produces is proportional to this, a total 
variation of 4.6 m.a. as shown at (H) of Fig. ^1 and L of Fig. 202. Comparing this 
with the 0.6 m.a. variation produced when the same signal was introduced into the 
plate circuit, we can see that the signal is made much more effective by introducing it 
into the grid circuit. The comparitive plate current changes may be seen directly 
from the height of the plate current curves F and L of Fig. 202. Since the signal- 
^voltage wave-form and the plate current scale have been drawn the same in each case, 
the amplitude of curves F and L may be compared directly. How much more effective 
this is, may be found by dividing 

plate current change produced by the given grid potential change 



plake current change produced by an equal plate voltage change. 

4.5 

For our case, this gives = 7.5. This is called the amplification factor or 

0.6 

constant of the tube. 

Perhaps you now have a clear idea of the reason why we always 
introduce the signal voltage into the grid circuit of a vacuum tube rather 
than into any of the other circuits, and also, what is meant by the amplifi- 
cation constant or factor of a tube. If we want to consider the effect of 
the tube alone, we can look at amplification factor in another way as fol- 
lows: 

In the normal use of a vacuum tube as an amplifler, we desire to produce as large 
a change in plate current by means of the signals as possible. The plate circuit of a 
tube (A) in Fig. 203 is a complete electrical circuit as shown at (B), and somewhat 
similar to the ordinary electrical circuit at (C). It has in it, a source of voltage repre- 
sented by the B battery or other B supply device, in series with the impedance of 
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whatever device is connected in its plate circuit. This is analogous to the simple elec- 
trical circuit shown at (C). In this circuit, there are two ways of producing a change 
in the amount of current flowing, — either by increasing or decreasing the ap- 
plied voltage E, or by increasing or decreasing the resistance R of the circuit. In 
our tube circuit at (B), we can also change the amount of current flowing in the plate 
circuit in either of two ways. First, we may increase or decrease the plate voltage. 
Second, we may increase or decrease the resistance of the path from plate to cathode, 
shown in dotted lines at (B), by increasing or decreasing the potential applied to the 
grid and thus varying the number of electrons in the space. Now either of these will 
cause a change in plate current, but a change of say 5 volts in the plate voltage will 
cause only a slight change in plate current, w'hereas a change of 5 volts in the poten- 
tial applied to the grid of the tube will cause a very much larger change in the plate 
current because the grid being much nearer to the cathode (source of electrons) than 
the plate is, can control their flow more effectively. For instance, in a tube having an 
^amplification factor of 9, let us suppose that a 5 volt change in the grid potential 




causes a change of 10 milliamperes in the plate current. Were we to change the plate 
voltage sufficiently to bring about the same change of plate current (keeping the grid 
potential constant) we would find that it would require a 5 V ~ change of 

plate voltage to do it. Thus, for this tube, a change of grid potential is 9 times as 
effective in varying the plate current as a similar change in plate voltage is. The ratio 
of the two is a measure of the amplification effect or factor of the grid potential in 
producing plate current changes. 

That is, the amplification factor of the tube is equal to: 

effect of grid potential in controlling the plate current 

effect of plate voltage in controlling the plate current. 

Since amplification factor is a rather cumbersome word to write, the abbreviation “mu” 
or the Greek letter u is commonly used as the abbreviation for it. Thus, 

plate voltage change required to produce a given plate current change 

grid potential, change required to produce the same plate current change. 
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In the case considered in Fig. 202, the amplification factor of the 227 type of tube 
4.6 

used is u = r= 7.5. This checks fairly well with the value of 9 given for a 227 

0.6 

type tube in the table of vacuum tube characteristics in Fig. 214. 

The amplification factor of vacuum tubes is very important, especially 
if the tube is to be used as an amplifier or oscillator. In this case, it would 
seem that the mu should be as high as possible, but there are other con- 
siderations, such as plate impedance, etc., which determine the usefulness 
of a tube when used in actual circuits, as we shall see. The amplification 
factors of different types of tubes in common use vary between rather 
wide limits. Thus the mu of a 171A tube is about 3, whereas that of a 224 
screen grid tube is about 420. The student should refer to the vacuum tube 
characteristic chart in Fig. 214 and glance down the column marked “volt- 
age amplification factor”. This will give a good idea of the values of mu 
for the \ arious tubes. We shall see in the next chapter that the mu of a 
given tube is controlled largely by its mechanical construction, and the 
relative distances between the grid and cathode and the plate and cathode. 

A closely wound grid mounted close to the cathode produces a high am- 
plification factor, one with a wide mesh and not so close to the filament 
produces a tube with a low amplification factor. Also, in screen grid tubes, 
mu is increased by the action of the screen grid, which neutralizes the 
effect of the space charge between the cathode and plate as we shall see 
later. The actual voltage amplification or increase of voltage realized in 
a practical amplifying circuit depends not only on the mu of the tube 
.but also on the resistance, the inductance, and the capacitance in the plate 
circuit of the tube. The amplification factor of a given tube does not 
vary much under the conditions under which the tube is ordinarily used, 
except in the case of the variable-mu tube. The methods of measuring the 
mu of vacuum tubes will be considered in Articles 288 and 289. 

284. Simplified equivalent tube circuit: In most all radio work, 
we are concerned with vacuum tubes only in connection with alternating 
currents or voltages of some form. Radio receivers employ tubes as am- 
plifiers of the weak radio-frequency voltages induced in the receiving 
antenna circuit by the passing radio fields. Tubes are also used to am- 
plify the low-frequency alternating voltages encountered in the audio cir- 
cuits after the detector. Some tubes are utilized as rectifiers of the 60- 
cycle power current, while others function as rectifiers of the signal cur- 
rents. The first are called rectifiers and the second, detectors. Under any 
circumstance, we will always be considering the applied voltages on the 
grid resulting from some form of alternating voltage. In other words, the 
grid voltages, with which we will be concerned in making a study of the 
“mu” of the tube, will always be alternating voltages. 

To simplify the visualization of the tube action in associated electric 
circuits, engineers prefer to consider the schematic circuit diagram of a 
vacuum tube as shown at (D) of Fig. 203. Here the grid circuit is re- 
placed by a small a-c generator directly in the plate circuit. The voltage 
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of this schematic generator is the voltage of the a-c signal impulse on the 
grid multiplied by the mu of the tube, because any change in voltage in 
the grid circuit has the same effect on the plate current as a voltage “mu” 
times as large introduced directly in the plate circuit. Ther^pfore if we 
are to consider our grid voltages as acting directly in the plate circuit, 
we must consider them as being “mu” times as large as they really are. 
The internal resistance of this generator is equal to the plate-to-cathode 
resistance of the tube. This arrangement reduces the complicated circuit 
of the tube shown at (B) to a simple equivalent series plate circuit with an 
equivalent a-c generator whose voltage is pe^, representing the effect of 
the grid control on the plate current. The diagram at (U) may be fur- 
ther simplified as shown at (E). The tube is considered this way in all 
problems. The voltage of this hypothetical generator would be high in a 
high-mu tube and low in a low-mu tube. 

285. D-C plate resistance of a tube: In the simple electrical cir- 
cuit of (C) in Fig. 203 a certain direct current flows through resistor R 
due to the applied voltage E. Likewise in a vacuum tube a certain steady 
d-c plate current Ip flows across through the space between the plate and 
cathode (actually it is the electrons flowing in the opposite direction) and 
around through the circuit, due to the electrical pressure of the applied, 
d-c plate voltage E,,. Applying ohm’s law, we find that the d-c resistance 
of the space between the plate and cathode is: 

Ep 

R= 

Ip 

This is called the d.c. plate resistance of the tube. The electrical power 
used up by- the flow of the plate current through the resistance of this 

E * 

path is Wi=EpXl|. or or R. 

R 

This power is the rate at which kinetic energy is given up by the elec- 
trons w'hen they strike the plate at their high velocity after being pulled 
to the plate by the attractive force of its positive charge. When each 
electron hits the plate, its kinetic energv due to its motion is given up, and 
the energy thus released at the plate by all of these electrons produces 
heat which may heat the plate to red heat unless it is designed to have a 
large enough surface to dissipate the heat. This action is similar to the 
heat which would be produced in a large steel plate if a shower of bullets 
from a machine gun were made to impinge upon its surface continuously. 
The kinetic energy of the motion of every bullet would be transformed 
into heat as soon as it was stopped suddenly by the surface of the steel 
pkite. The heat would result in raising the temperature of the plate. We 
shall see later that these bombarding electrons also cause secondary 
emission of electrons from the plate, the secondary emission electrons 
interfering with the normal flow of those from the cathode. The action 
of electron bombardment may be seen by operating an ordinary tube for 
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a few minutes with a plate voltage about twice as high as that recom- 
mended by the manufacturer. The plate will become red hot. The d-c 
plate resistance is not to be confused with the more important factor 
which is ordinarily referred to as the a-c plate resistance or plate 
pedance of a tube. 

286. ^-C plate resistance, or plate impedance of a tube: Since 

we are always interested in the changes produced in the plate current of a 
vacuum tube in actual operation, it is more important for us to know what 
the ratio between a change in plate voltage and the corresponding change 
in plate current produced by this change in plate voltage is. This is called 
the o-c plate resistance or the plate impedance Rp, of the tube and is 
numerically equal to : 

_ change in plate voltage 

" ~ change produced in the plate current. 

The a-c plate resistance is the opposition offered to the flow of varying 
currents in the plate circuit and is not the same as the resistance offered 
to the flow of a steady d-c current from the “B” battery. The d-c plate re- 
sistance governs the steady plate current flow when no signal voltage is 
being applied to the grid, i.e., the grid voltage is steady. The a-c plate 
resistance governs the varying plate current flow when a varying signal 
voltage is applied to the grid, hence it is the more important of the two. 

For instance, in (A) of Fig. 202, when the tube considered had a nega- 
tive grid potential of 10 volts and a plate voltage of 100 volts applied 
.(point N) , the steady plate current flowing was 1.4 m.a. or .0014 amperes. 
Therefore the d-c plate resistance of this tube under these conditions is 

Ep 100 

given by R= = =71,000 ohms (approximately) . 

Ip .0014 

However, when the plate voltage was varied from 96 volts (point C) to 
104 volts (point E), the plate current changed correspondingly from 1.1 
m.a. (point C) to 1.7 m.a. (point E), a net change of 1.7 — 1.1 or 0.6 m.a. 
Therefore the a-c plate resistance is equal to: 

104-96 

Rp= =13,300 ohms, (approximately) 

.0017 — .0011 

(1.7 m.a. equals .0017 amperes and 1.1 m.a. equals .0011 amperes.) 

The d-c plate resistance and the a-c plate resistance both change 
with changes in plate and grid voltages, so the values of both must be 
specifled when these constants are considered. Thus a 227 tube has an 
a-c plate resistance of 11,000 ohms at a plate voltage of 90 volts and nega- 
tive grid potential of 6 volts. When the plate is at 180 volts and the grid 
is at 13.6 volts negative, the a-c plate resistance is 9,000 ohms. At the con- 
ditions mentioned in the problem above (Ep=100 volts and E,= — 10 
volts) the a-c plate resistance was found to be 13,300 ohms. As the a-c 
plate resistance varies with each change in plate and grid voltage, it should 
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be considered only for small voltage changes and at the point on the char- 
acteristic curves where the tube is actually operating. The a-c plate resist- 
ance depends on the plate-filament spacing and the plate voltage used, the 
grid voltage, the fineness of the grid mesh, and to a small extent on the dis- 
tance between the grid and plate. The methods of obtaining and meas- 
uring these constants will be taken up in Articles 288 and 289. 

287. Mutual conductance: The essential function of an ampli- 
fying tube is to produce as large an undistorted change in plate current 
as possible for a small change in signal potential applied to the grid cir- 
cuit. As this important property of the tube depends on how much plate 
current change is caused by a given grid potential change, by comparing 
these values we obtain a figure of merit which is known as the mutual 
conductance, represented by the symbol G.„. This ratio has been called 
mutual because it expresses a relationship between a quantity pertaining 
to the plate circuit and a related quantitv pertaining to the grid circuit. 
It is called conductance because it is the ratio of a current to a voltage. 
(The conductance of a conductor in mhos is defined as “one divided by the 
resistance in ohms”.) Thus: 

^ change in plate current ])roduced 
^"'"change in grid potential producing it. 

In general, the ratio of the change in current in the circuit of an electrode 
to the change in the voltage in another electrode is known as the trayis- 
conductance. The term transconductance is also commonly used in radio 
engineering literature to represent what we commonly refer to as mutual 
conductance, so it should be remembered. 

Thus in the tube \vho‘-e K.. - I, cur\e (fcr a pla'e Miliaire of lOd volts) is shown at 
(B) of Fig. 202 a change of plate current tiooi e to I nulllalllp^‘re^ (point .1 to K) 
was produced by a change in applied grnl vfWtage from 1 1 to r, \olt^ negative. This 
represents a change of 4.5 m.a. or .0045 amperes in plate current, produced by a change 
of 8 volts in grid potential. Thus 

.0045 

Gm — —.00050 mho-1 or 5»)0 micromho'^. 

8 

The mutual conductance is al.so defined by the ratio between the am- 
plification factor and the plate resistance, because 
__ plate voltage change 
grid potential change 


_ plate voltage change 
^ plate current change 


( 2 ) 


Therefore 


Ro 


is equal to expression (1) divided by expression (2) 


from which we obtain finally after cancelling out the numerators of (1) 
P plate current change 
and (2) — — 


grid potential change 


; but according to the defini- 
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tion given above, this expression is equal to the mutual conductance. 

M \i 

Therefore: G„i= . Also, ^=rG„,xRp, and Rp=i 

Gm 

In general, the higher the mutual conductance of a tube, the more 
efficient it is considered to be as an amplifier, but comparison should only 
be made between tubes designed for the same service and having similar 
characteristics. 

For example, the 227 type tube designed for general amplification use has a mutual 
conductance of 1,000 micromhos at 135 volts plate voltage, and the 120 type tube which 
is designed entirely for output service has a mutual conductance of 525 micromhos at 
the same plate voltage. The latter tube, nevertheless is capable of handling 110 milli- 




Fig. J04 — Lett: Lnboratory type tube tester for taking tube characteristics. 

Right; How mu is determined from the Eg-Ip characteristic curves for two values 
of plate voltage. 

watts of undistorted power output when sufficient input voltage is available and the 
load is properly adjusted, against an undistorted power output of 80 milliwatts for the 
227 tube. 

When one is considering two tubes of the same type, the one with 
the higher mutual conductance is the better one, but rather large differ- 
ences in mutual conductance may occur before any difference in the op- 
eration of the circuit in which the tubes are used will be noticeable. The 
mutual conductance is really the best tube factor on which to compare 
tubes which are to be used for the same purpose. Its measurement is con- 
sidered in Articles 288 to 290. Since the mutual conductance depends 
on the plate resistance, it varies with the plate voltage, and therefore 
mutual conductance values are meaningless unless the voltages applied 
during the measurements are specified. 

288. Obtaining tube constants from curves: In laboratory work 
where the performance of vacuum tubes is to be analyzed, the various con- 
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stants may be obtained from the Ep - Ip and the E^ - Ip curves which are 
drawn from -the readings taken on tube testing apparatus Of the type 
shown in Fig. 199. The actual tube tester in operation is shown in the 
photograph at the left of Fig. 204. 

To show the method employed for finding the amplification factor 
(“mu”) from the Eg - Ip characteristic curves of a vacuum tube; consider 
the typical amplifier tube curves shown at the right of Fig. 204. One 
is for a steady plate voltage of 45 volts and the other is for 90 volts. 

Selecting any point B on the straight portion of the 45 volt curve, drawn a ver- 
tical line ABE through this point, and a horizontal line A C, through intersection 
point A with the 90 volt curve, to the 45 volt curve and BD through point B. Drop a 
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F'lg. 205~Left: Method of finding mutual 
conductance from the Eg-Ip characteristic. 

Right: Grid voltage-plate current charac- 
teristics of some commonly used tubes 
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perpendicular line from intersection point C, to F. Now consider the tube operating 
at the lower plate potential of 46 volts and grid potential equivalent to point B on ita 
characteristic curve. 

If the grid potential is increased an amount equal to E F (or BD) units, the op- 
erating point moves to C, and the plate current has increased an amount C-D. This 
same increase C-D in plate current would also result if the grid potential were kept 
at value E and the plate voltage were increased from 45 to 90 volts to point A. There- 
for, an increase of E-F units of gprid potential has the same effect on the plate current 
as an increase of 46 volts in plate potential. From the foregoing definition of am- 
plification factor, then the mu of this tube is 90 volts minus 46 volts divided by E-F 
(6.3 volts), or munrT.l. That is, the grid potential exerts. 7.1 times as much influ- 
ence upon the plate current as does the plate voltage itself at the particular operating 
point B. 
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The methods for finding the d-c plate resistance and the a-c plate re- 
sistance for any particular operating condition have already been ex- 
plained in Article 286. Since the mutual conductance is equal to the 
change in plate current divided by the change in grid potential producing 
it, it is found by merely measuring the slope of the - Ip characteristic 
curve for the plate voltage at which the tube is operating. As the charac- 
teristic curve is not a straight line, its slope or “slant” changes for dif- 
ferent values of and Ep, (different points on the curve, see left of Fig. 
205). Therefore, it must be taken at the point on the curve representing 
the particular value of grid potential applied to the tube. 

Thus let it be desired to find the mutual conductance of the. vacuum tube whose 
Ei - Ip characteristic curve is shown at the left of Fig. 205, when the tube is operating 
with a plate voltage of 90 volts and a negative grid potential of 4.5 volts. This oper- 
ating condition is represented by point A on the curve. The slope of the curve is found 
by drawing a tangent line BC to it at the point considered as shown, and then forrning 
a triangle BCD. The vertical height CD of the triangle divided by the total base line, 
BD (adding' positive and negative grid potentials together to get the total length of 
BD), is equal to the slope of the curve at the point A. 

Therefore to find the slope of the curve at point A, lay a straight-edge tangent to 
the curve at the point A, and draw tangent line B C so it cuts the horizontal axis. 
At any point C draw the perpendicular line C D; now measure the ordinate C D of the 
point of intersection (say 11.6 milliamperes or .0116 amperes). Also measure the hori- 
zontal distance B D from this latter point to the point where the tangent line inter- 
sects the horizontal axis. (Say a total of 15.3 volts.) Dividing the former distence 
.0116 amp. by the latter 15.3 volts, gives the slope of the curve or the mutual conduct- 
ance at point A, which in this case is .00075 mhos or 750 micromhos (the micromho 
is the unit of conductance ordinarily used in vacuum tube work). 

, At the right of Fig. 206, the grid potential-plate current characteristics of various 
commonly used vacuum tubes are shown plotted on the same axes. The steeper the 
curve, the higher is the amplification constant. 

The curves at the left of Fig. 206 show how the constants of a typical 
3-electrode amplifier tube vary for different values of grid potential. Those 
at the right show how the constants vary for various values of plate volt- 
age. Notice that the amplification factor is practically constant, but that 
the mutual conductance and plate impedance vary over rather wide limits. 
Hence the necessity for specifying the plate and grid voltages when speak- 
ing of either of these two constants for a tube. An idea of the values for 
various types of tubes may be obtained from inspection of the proper 
columns in the vacuum tube characteristic table of Fig. 214. 

289. Meaauring tube constants quickly: The important tube 
constants p, R, and G„ which define all of the tube’s characteristics, may 
be found from the plotted characteristic curves of the tubes as explained 
in the previous article, but this is a slow laborious process since all of the 
readings for ploHing these curves must be taken and plotted, and finally 
the constructions and computations just mentioned must be made. Ob- 
viously such a procedure does not lend itself to the sort of rapid testing 
required in production work. There are simpler methods of finding these 
constants by means of a simple circuit arrangement as shown at the lefi 
of Fig. 197. and there are also special testing devices for measuring their 
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directly. The latter will be studied in Art. 295. A simplified method of 
measuring: the mutual conductance is as follows: 

Place the tube in the tester, set the hlament voltage at the correct value and set 
the plate voltage at the value at which the tube will operate, say 180 volts. If the grid 
bias voltage under these operating conditions is to be say, 13.5 volts negative (227 
type tube) set the grid voltage at minus 14 and then minus 13 and read the plate cur- 
rents each time. Assuming that these plate current readings are 4.5 and 5.5 milliam- 
peres respectively, the mutual conductance is found from: 

change in plate current (amps.) .0055 — 0045 .001 

G.=— ~ — — =.001 mho. or 

change in grid voltage 14 — 13 1 

1,000 micromhos. 

Following is a simple method of measuring the a-c plate resistance 
(or plate impedance) of a tube: 



Pig. 206 — Left: Curves showing how the mu. Gin, ami Rp of a typical 3-electrode tube vary 
with change of grid potential 

Right: How the constants vary with change of plate potential 


Set the grid bias voltage at the value desired (for example 13.5 volts negative for 
a 227 type tube), and choose the value of plate voltage at which the tube will 
probably operate (say, 180 volt.s in this case). Then set the plate voltage at a value 
somewhat higher than this, and read the plate current. Suppose the plate voltage is 
set at 200 volts and the plate current reading i'^ 8.5 m.a. Now reduce the plate voltage 
to a value below normal, (say 160 volts) and read the plate current again (say 4 m.a.). 
Then the a-c plate resistance is: 

change in plate voltage 200. _ 160 

R,= : - — = 9,000 ohms. 

corresponding change in plate current (amp.) .0085- .004 (approx.) 

This means that for thi.s tube at a grid bias voltage of .13.5 volt.s, the average 
plate impedance between the values of E=200 and lilO volts is 9,000 ohms. 

Following is a simple method for obtaining the amplification constant. 

Set the plate voltage at a certain normal value and read the corresponding plate 
current. Now change the plate voltage to some other value and read the plate cur- 
rent again. Then adjust the plate current back to the original value of the first con- 
dition by varying the grid voltage. Then the ratio of the change in plate voltage re- 
quired to change the plate current this certain amount, to the change in grid voltage 
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to produce the same plate current change, is equal to the amplification constant, or, 

first plate voltage — seco nd plate voltage 

second grid voltage — first grid voltage. 

The value of the amplification constant may be calculated directly from the values 
of mutual conductance and a-c plate resistance found previously, without necessity for 

another test. Since, Gm=r — then u=GmXRp. Therefore, “mu” can be found simply 

Rp 

by multiplying the mutual conductance by the a-c plate resistance. 


290. Tube checkers: As explained previously, the three import- 
ant electrical characteristics of a vacuum tube are its amplification con- 
stant, a-c plate resistance, and mutual conductance. It would appear that 
all three quantities would have to be measured in order to tell whether a 
tube is in good condition or not. Actually, however, this is not necessary 
for ordinary rapid service testing. If we can measure one of these fac- 
tors, we will have a check on the other two, provided we know what the 
normal characteristics of the particular type of tube being tested should 
be. The factor usually chosen for measurement in commercial tube 
checkers, used by radio servicemen and dealers is the mutual conductance, 
for this is the most important quantity to determine. If a test indicates 
a tube to have a normal value of mutual conductance we can be reasonably 
sure that the amplification constant and a-c plate resistance are normal, 
since if either of these factors were incorrect, the mutual conductance 
would be affected. Any change due to presence of gas, low electron emission 
or disarrangment of a tube’s electrodes will also alter the mutual conduct- 
ance. Now in checking the condition of tubes we do not have to actually 
measure and calculate the mutual conductance — all we need is some in- 
dication that the tube has a normal characteristic. The simple relation 


change in plate current ^ Evi- 

change in grid potential 

dently, if we change the grid voltage and note the change which this pro- 
duces in the plate current, we will have in effect an indication of mutual con- 
ductance and from a chart we can determine whether the change in plate 
current that we noted is normal for the type of tube being tested. This 


is the basis for the operation of practically all the common tube checkers. 
The circuit of the tube checker is provided with a switch, (usually operated 
by a button), which when pressed will change the grid voltage on the tube 
by about 3 or 4.5 volts. We can calculate, or by measuring a large number 
of new tubes and averaging the results, determine the change in plate cur- 
rent which should be obtained if the tube is good. A simple chart can 
then be engraved on the face of the tester which will indicate the plate 
current readings which should be obtained with normal tubes of the vari- 
ous types. By using such a tube tester, it is therefore possible to obtain 
for all practical servicing purposes, an accurate, trustworthy indication 
of how good a particular tube is, and whether or not it should be replaced. 
Tube checkers are usually arranged to supply the proper filament, plate 
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and grid voltages to the tube being tested, by means of a suitable trans* 
former operated from the 110 volt a-c electric light line. 

Fig. 207 shows the circuit diagram of a tube checker which was orig- 
inally devised by the E. T. Cunningham Company but which has been fur- 
ther simplified in order to make possible the use of a standard filament 
heating transformer with a single secondary winding delivering 7.6 volts 
This has also been altered to make it possible to check all standard types 
of tubes in use at the present time. A description of this checker follows : 

Five sockets are provided for the various types of tubes, two being four prong 
sockets and the other three being of the five prong type. All of the filament terminals 
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Fig 207— An a-c operated tube checker arranged for rapid checking of the condition of 
tubes by a rough measurement of the mutual conductance. 

of the sockets are connected in parallel across the secondary of the transformer T, 
having? a 110 volt primary and 7.5 volt — 3 ampere secondary. The resistor R, in the 
primary circuit controls the plate, voltages applied to the tubes, as read on a-c volt- 
meter Mo. Filament voltage control is obtained by two scries ftlament rheostats R4 
and Ri^ and read on the two-scale a-c voltmeter M3. R^ is a high resistance— low cur- 
rent rheostat for adju.sting the current when testing a tube which does not require 
mud. filament voltage and current. is a low resistance — high current rheostat for 
adju'^ting the current when testing a tube which takes a high filament current. The 
proper filament voltage settings for the various types of tubes are listed In the tablt 
at the left. It i.s very important to always adjust both rheostats to maximum resist- 
ance before inserting a lube in any socket. After the. tube is inserted, they may be varied 
to obtain the proper filament voltage. Because of the voltmeter current, the 60 — ohm 
rheostat provides all regulation necessary — even for 60 m.a. tubes of the — 99 
Orid bias voltage is obtained from the fall of potential caused by the flow of 
the plate current of the tube. tested through the two resistors R._, and R, connected 
in one sid^ of the circuit. When Kj is pressed, it shorts R., out of the circuit, reduc* 
ing the grid bias voltage and thereby causing a change in the plate current. 

In operation, the rheostats R^ and R- are first set at maximum resistance value, 
tube is then inserted in the proper socket and R^ and R.. are adjusted to give the 
correct filament voltage as shown on meter M,. Resistance R, Is then set to make 
meter read 100 volts. This imsures that the correct filament and plate volUge are 
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beinir applied to the tube being tested. The lamp, Lo, across the transformer 

R rimary is to reduce the size of the series resistor required for some of the 
)w-51ament-consumption tubes and also serves as a pilot lamp to indicate that the 
checker is turned on. The plate current is then read on before and after pressing 
the key K^. A table of approximate plate current changes to be expected follows: 


Tube Type 

Average Plate Current 
Values for Tubes 

K| open 

K, closed 

11 

1-1.5 

1-2.5 

cx-12 

1-1.5 

2-2.5 

26 

1.5 

4 

45 

3 

11 

24 

1 

2.6 

27 

1.5-2 

.3-5.5 

99 

1.5 

3 

20 

2.5-3 

5.5-6 

22 

2 

4-6 

OlA 

1.7 

4. 5-5.0 

40 

.7 

1.7 

71A 

3 .5-4 

12-13 

OOA 

1.5 

3.5 

10 

2 

6 

50 

3 

10.5 

12A 

2 

6.5-7.0 


These should not be taken as absolute standard values, since slight variations in 
the values of the biasing resistors, transformer, meter calibration, etc., will cause some 
changes in the result. It would be best to construct the checker and obtain the plate 
current changes to be taken as a guide, by actually testing a set of the various types 
of tubes which are known to be in good operating condition. 

It will be found that the tube readings are dependent on the way in which A and 
Aj, the plate voltage supply connections, are made to the a-c supply and filament 
transformers. 

These leads should be reversed until the highest readings are obtained, in order 
to obtain results comparable to this table. The dilTerence is especially noticeable in 
the case of tubes with a 7.5-volt filament. It is seen that for the screen-grid tubes 
the screen grid is connected to the plate, making it a three-element tube for purposes 
of this test. For this reason it is necessary to use a separate socket for screen-grid 
tubes since on them the control-grid connection is on top and the screen grid is con- 
nected to the usual grid terminal of the socket. Clips are provided for connecting to 
the caps on screen grid tubes. Of course, a-c meters must be used in the checker. 
The 10-watt 110 volt lamp L, used as a protective resistor is included in the circuit 
to protect the meter in case a shorted tube is accidentally inserted in the socket. A 
plate-filament or grid-plate short in a tube inserted in this tester will cause the 10-watt 
lamp L,, to light and the needle of meter M, to vibrate slightly about the zero ad- 
justment, the needle following the 60-cycle current passing through the meter. 

A simple checker for quickly checking the condition of half-wave or 
full-wave rectifier tubes is shown in Fig. 208. If the transformer T used 
in the tube checker just de.scribed also has a 600 volt center-tapped wind- 
ing and two additi< nal 7.5 volt windings, the rectifier tube checker may be 
built as part of the former unit using the single transformer to supply 
all voltages. The rectifier is arranged to operate in a standard rectifier 
circuit, using the rectifier tube to deliver a current to a fixed load resist- 
ance. A low current through this resistance indicates a defective tube. 
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The circuit shown at the left of Fig. 208 is arianged to use a standard power 
transformer delivering 600 to 700 volts from a center-tapped high voltage winding 
and two 7.6 volt windings. A resistance of 1.25 ohms is connected in series with one 
winding, so that 5 volts appears across the filament of the type ^80 rectifier. As can 
be seen from the circuit diagram, a double-pole, double-throw switch is provided to 
change from one type of tube to the other. When a type -80 is being tested, it is sup- 
plied with 300 volts per plate and it supplies current to a four mfd. condenser and 
a 2,000 ohm load resistance. When a type -81 tube is to be tested, the switch is 
throw’n to the proper side and this alters the connections so that the tube is supplied 
with 600 volts on the plate and it feeds into a 4-mfd. condenser and a 6,000-ohm 
load resistance. 

The test is made by simply throwing the switch to the proper position, placing the 
tube in the proper socket, closing the line switch and reading the milliammeter con- 
nected in series with the load resistance. The milliammeter should read 100 ma. or 
more for a type -80 tube and 60 ma. or more for a type -81 tube. If the power trans- 
former supplies 700 volts across the high voltage secondary, both the readings will be 
about 10 ma. greater. It is preferable to keep the tube socket terminals beneath 



Courtetry Wetton El§et Inst Co. 

Pig 208 — Left' An a-c operared tube rhe« k#»r foi ch*‘( kiii^ li.ilf-wa\e nr full- wave recllfler 

tubes 

Right A t\fji'nl tube rherker for rapidly (h^^ekiriK fub»*s by making «'» rough meaa- 
ureu’ent of the mutual fonduotan«e 

the panel to avoid shocks. A conventional double-pole double-throw tumbler switch 
should be employed. The 4-mfd. condenser must bo a good one capable of working 
continuously at 1000 volts, d-c. The load resistor must have a high current-carrying 
capacity. 

At the right of Fig. 208 is shown a typical tube checker designed to 
operate directly from the 110 volt 60 cycle lighting circuit. Variations 
in line voltage from 90 to 180 volts are compensated by means of the line 
voltage adjuster mounted on the panel. All a-c or d-c tubes can be tested, 
including both single and full-wave rectifiers. Both plates of the type 
280 lube can be tested by placing the tube in the socket, noting the meter 
reading and then pressing a button which gives the reading of the other 
plate. To operate the tester it is neces.sary in adjust the line voltage reg- 
ulator until the pointer on the line voltage meter is opposite the arrow. 
Then the selector switch is set for the proper voltage and the tube inserted 
in the correct socket. Pressing the button marked “Press for Grid Test" 
causes the plate current meter reading to change and whether or not the 
tube is good can then be determined by checking these plate current read- 
ings against a chart supplied with the tester. 
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Set analyzers (which will be described in the chapter on radio set 
testing and servicing) are also employed for checking the condition of 
tubes directly in the radio receiver itself, employing the filament and 
plate voltages from the receiver. By inserting a plug in a given socket 
and taking the tube out of that socket and inserting it in the set analyzer 
socket, the tube is tested under its own circuit conditions. Provision is 
also made in these, for changing the value of grid bias in order to change 
the plate current and obtain a check on the mutual conductance of the 
tube. 

292. Dsmamic characteristics of tubes: All of the characteristic 
curves and methods of measuring tube constants considered up to this 
point have been static characteristics, that is, they have been based on a 
steady grid potential and the voltage actually effective on the plate was 
assumed to be constant. However, this is not what actually happens when 
tubes are in actual operation, for as vacuum tubes are used in practice in 
transmitting and receiving circuits, as alternating or pulsating signal 
e.m.f. is impressed on the grid circuit and results in a pulsating plate 
current. When some form of coupling device having impedance is con- 
nected in the plate circuit of the tube in order to couple it to the next one 
in an amplifier, the characteristic curve is altered as we shall see. Since 
vacuum tubes are used mostly in this way, it is necessary for an exact 
analysis of the tube action to know the shape of the characteristic that 
obtains when varying signal potentials are impres.sed on the grid: that 
is, it is necessary to know the shape of the (h/namic characteristics. There 
are three different conditions of operation (1) the dynamic characteris- 
tic of the tube itself: (2) that cf the plate circuit containing the tube and 
a non-inducti\o resistance: (3) that of the circuit containing the tube and 
an impedance. F^or the first case the dynamic characteristic coincides with 
the static characteristic for a range of frequencies up to several hundred 
thousand cycles per second, so this need not be considered. 

293. Tube with resistance output load: In the case where a non- 
inductive resistance is connected in the plate circuit of a tube, as in the 
case of a resistance-coupled amplifier, the dynamic characteristic is al- 
tered from the static characteristic. Let us refer to the fundamental am- 
plifier circuit shown at (A) of Fig. 209. The source of steady plate vol^ 
age supplies a voltage E,.. The plate current I„ flowing through the plate 
load resistor Ri, causes a fall of potential in it equal to Ip Ri, volts. As a 
result, terminal 1 of this resistor is at a lower potential than terminal 2, 
since the current flows from 2 to 1. Therefore the effective voltage Ep 
actually existing between the cathode and the plate is less than the ap- 
plied voltage Eb by an amount equal to the voltage drop in the resistor, or 

Ep = Ep — (Ip X Ri.) 

For example, let Ri. = .5 megohms (500,000 ohms), Eb = 260 volts, 
Ip = 0.2 milliampere. Then, Ip x Rl = .0002 X 500,000 = 100 volts and 
Ep = 260 100 = 160 volts actually applied to the plate. 
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Experiment: Connect up a 201-A type tube in the tube tester shown in Fig. 197 
with a fixed value of applied “B” voltage of 180 volts and normal filament current. 
Now measure and plot the plate current as the grid voltage is varied from about 
5 volts plus, to 16 volts minus. Repeat this with values of 1,000, 4,000, 10,000, 50,000 
ohms connected in series with the plate. 

Any variation in the plate current will cause a variation in the I X R 
drop across Rl and hence the effective plate voltage Ep will also change 
according to the equation above. Therefore, any change in the potential 
on the grid will cause not only a change in plate current, but a variation 
in effective plate voltage as well, and if the plate load resistor and plate 
current are large, the effective plate voltage will be quite different from 
the applied plate voltage. (The values specified for plate voltages in vac- 
uum tube characteristic tables always refer to the actual effective voltage 
between the cathode and the plate itself.) Therefore the voltage drop 



existing across resistor Rl, (which is the useful voltage to be pas.sed on 
to the next stage) cannot be determined from the static E, - Ip character- 
istic curve, because actually, the effective plate voltage is not constant but 
changes in instantaneous value with every change of grid potential. 
Hence the corresponding plate current changes are not exactly what we 
would expect them to be from a consideration of the static characteris- 
tics where the effective voltage actually applied to the plate remains ab- 
solutely constant and the plate current changes are due to the grid poten- 
tial changes alone. 

In order to see exactly what happens due to this voltage drop in the plate load 
resistor, let ns' consider (B) of Fig. 209. Here the E. - Ip characteristic curves for 
three values of effective plate voltage Ep are drawn. These might be simply three 
of the carves from (A) of Fig. 200. Consider the middle curve to be the oaracter- 
istie for the condition when the tube has a definite value of effective voltage Ep ap- 
plied to its plate. The other two are the characteristics for higher and lower values 
of effective plate voltage. Let the constant grid battery voltage E, be so, adjusted 
that the direct current in the plate circuit is oa. Then, on account of the voltage drop 
ia Ri. due to the current oa in it the actual effective plate-cathode voltage is 
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W Ip be varied by impressing an alternating potential on the grid. 
Ep vanes accoHingly, since the plate-supply voltage Ep is constant. Thus, if a posi- 
tiye wave of signal e.m.f. is applied, the grid potential is shifted toward positive and 
the plate current increases. This causes Ep to decrease in value, due to the increased 
▼oltoge drop in Rl, say to the corresponding point on the lower characteristic curve (2) 
and the current instead of increasing to d as it would if Ep remained constant, increases 
only to c. Likewise, when a negative wave of signal e.m.f. is applied, the negative 
grid potential is made more negative, the plate current decreases only to / instead 
of to e as it would if Ep remained constant. The characteristic therefore straightens 
out and takes the shape given by fac instead of ead. 

The dynamic characteristic curves for a typical vacuum tube are 
shown at (A) of Fig. 210. As the voltage drop through Ri, depends on the 
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Flff 210 (A) Static and dynamic E^-lp characteristic curves for a typical vacuum tuba with 

various values of resistance load connected in the plate circuit. 

(B) Dyn-imlc E^-Ip characteristics for a tube with an impedance load in the plate 
circuit 


value of Rl, a different curve will result for each value of Rl employed, 
as shown : One curve labeled “static” is the static characteristic curve, ali 
the rest are the dynamic curves. These are published here by courtesy 
of Radio Broadcast Magazine. 

The dynamic characteristic is, as its name implies, a curve indicating how the 
tube will function under actual operating conditions. The static characteristic curve, 
although valuable in giving an idea of the general characteristics of a tube, gives no 
indication at all of the tube’s actual performance. Under actual operating conditions, 
a tube always operates with a certain load in its plate circuit and consequently a curve 
taken to indicate the tribe’s performance should be made with some load in the plate 
circuit. One curve marked “dynamic” was taken when the tube had 4000 ohms re- 
sistance in its plate circuit. The difference between the static and the dynamic curves 
it considerable, as will be seen. The curves were taken with an applied B voltage 
(Eh) of 180 volts and the grid voltage (Eg) was varied in steps, the plate current Miig 
measured at each step. 

The other curves are dynamic characteristics taken with different resistances in 
the plate circuit Curve No. 1 was made with 1000 ohms resistance, No. 2 with 2000 
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obms, and No. 3 with 8000 ohms. It will be noticed that .with the higher plate load 
resistances, the curves have longer straight portions. The curves all cross at 
about 40 volts because this grid voltage represents the initial d-c potential placed 
on the grid and the curves are made by increasing and decreasing the grid voltage 
about this average value. It is necessary in taking the curves to adjust the plate 
voltage each time so that with the dilferent resistances the same plate current is 
obtained at 40.6 volts on the grid. 

It will be seen that the dynamic curves are much flatter and longer 
than the static curve. Therefore, the plate current variations for a given 
grid potential variation, are smaller in magnitude. The mutual conduct- 
ance of the circuit is no longer as high as the value for the tube alone. 
The slope of the curve tells us how much plate current will flow through 
the resistor when a given potential is applied to the grid, under actual 
circuit conditions, and it is therefore very useful. Of course what we are 
ultimately interested in are the dynamic characteristics, but if we find 
that the static characteristics are normal, we can be fairly certain that 
the tube will operate properly. 

294. Tube with impedance plate load: When the plate circuit 
load is an impedance, that is, contains reactance as well as resistance, the 
dynamic characteristic curves are somewhat different. A case of this 
kind would occur if the primary winding of a coupling-transformer, or an 
impedance coil, were connected in the plate circuit as in the case of trans- 
former or impedance coupled r-f and a-f amplifiers. In this case, on 
account of the reactance in the plate circuit, the phase difference between 
the plate and grid potentials may differ from 180 degrees, and the dy- 
namic characteristic of the plate circuit takes the form of a loop as shown 
at (B) of Fig. 210. 

The tube starts working at c(fndition> ?ep!Os»*nti‘(l l)y .say, p(Hnt 1 on a certain 
characteristic curve A, when the signal voltage is at the lowest value in its negative 
half cycle, as shown by the wave on the signal e.m.f. curve below. As the signal e.m.f. 
becomes positive during the next half cycle of the .'Signal e m.f. curve, the action of 
the grid of the tube moves over to point 2 on ( urvo J3 j epi e.senting a lower effective 
plate voltage, due to the fact that the effective plau* vtjltage has dropped hecauso of 
increased drop in voltage in the load impedance In this way. as the positive half 
of the cycle of the signal wave goes to maximum, the tube works successively at 
points 1, 2, 3 and 4. Then as the grid pcUeniial l)ecome^ more negative due io the 
signal e.m.f., the action of the tube returns back to point 1, but along a different path 
4 -5- 6 -7; since, due to the fact that the entne plate circuit consists of the resistance 
from plate to cathode in .series with the loan imp»dance. the circuit is a reactive one 
and the plate current changes are not exactly in step with the grid potential changes 
(see Figs. 109 and 110), wherea.s if the plate load were pure resistance and the plate 
current change.s were in step with the grid potential change's, the successive operating 
points would go back along the* straight line 1-1 .\(tually since the plate curient re- 
ductions and the r<*duction in the voltage drop in the load impedance lag behind the 
grid potential changes, the plate curient is lower at each instant than it would other- 
wise be, so the action of the tube returns along points 4 - 6 0 - 7 to 1, The curve 
1 - 2 - 3 - 4 i.s above the straight line 1 - 4 for the converse reason, i.e., the variations 
in voltage drop lag behind the variations in the grid potentials so the plaU* current 
at each instant i.s a little bit higher than it would he if they were in step, so points 
1-2-3 he above the straight line 1 - 4. As we shall see later, in order to obtain dis- 
tortionless amplification it i.s necessary to make the operating characteristics 1 - 2 - 3 - 
4-B-6-7-1 approach the .straight line 1 - 4, since unless this is a straight line, the 
output plate current variations are not an enlarged reproduction of the input signal 
voltage variations impressed on the grid circuit. This can be done by making the 
external load impedance larger than the plate resistance of the tube. Thus the static 
characteristic curves may be quite different from the dynamic curves. 
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This does not mean that the static characteristic curves of a vacuum 
tube are of no value. They are a great help in understanding the dynamic 
characteristics and they also show many important facts regarding vac- 
uum tubes. They simply must be used with a full understanding that they 
do not show the exact conditions existing when the tube is in actual oper- 
ation in practical circuits. 

295. Bridge methods of finding dynamic characteristics: The 

determination of the actual tube constants under the dynamic circuit con- 
ditions just described, i.e., with varying grid potentials, is usually accom- 
plished with some form of bridge circuit. An a-c potential from some 
source such as a 1,000 cycle o.scillator or buzzer is usually applied to the» 



Couri€9y Oenetal Hadio Vo. 

Fig 211 — Left: Vacuum lube bridge for laboratory measurement of dynamic or static char- 
acteristics of vacuum tubes. See Fig. 212. 

Right: Meter for rapid measurement of mutual conductance. 

grid circuit of the tube under test. A 1,000 cycle e.ni.f. source is usually 
employed as a signal voltage since the minimum sound in the earphones 
may be more easily detected on account of the great sensitivity of the ear 
to sounds of 1,000 cycles. A bridge for measuring the tube constants is 
not the ordinary type of impedance network. It depends upon the bal- 
ancing of the amplilied signal voltage in the plate circuit by an opposing 
voltage so that no sound is hoard in the eariihones connected in the plate 
circuit (after the manner of the ordinary impedance bridge). A typical 
laboratory type of vacuum tube bridge designed for rapid measurements 
is shown at the left of Fig. 211. By means of several switches provided, it 
is possible to obtain the circuit arrangements shown in Fig. 212, in order 
to make various nKasuroments. A bridge of this type may be used for 
easy and rapid measurement of filament characteristics of amplitication 
constant, a-c plate resistance and mutual conductance. Either static or 
dynamic characteristics may be measured with it. As complete instruc- 
tions for operating the bridge are furnished by the manufacturer, they 
are not given here. 
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' The bridgre is desigrned to combine accuracy with great ease and speed 
of manipulation. All changes in the bridge to obtain the different circuits 
used, are made by the use of throw switches. The balancing adjust- 
ments are on a dial decade scheme. There is no necessity for removing 
plugs or changing connections. 



Fig 212 - f’lPMjit ;irr;»nK^-tn»*nt» whi* h may ht? ohtairmd l»v hi*m i.f iIm k* \ provided 

in the vacuum tube bridge of F'lg 211 

(A) circuit for nieaaurmg amphflratlon ronstant (li) nrruli for meaMiiring the a-c 
plate reMiHtarue (O f'lr* iiit for measuring rourii.il f oririuc ta ri> e (I>i < irrult for 
taking the atatic characteristics 

Of the three fundamental dynamic con.stants of a tube, the mutual 
conductance gives the most positive indication of the tube behavior, since 
It involves the ratio of the other two con.stants. While it i.s not a complete 
indication of the comparative merit of tubes of differing types, it i.s a posi- 
tive indication among tube.s of the .same type. If a tube fails to meet the 
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standard specifications of its type, either through faulty filament emission 
or an incorrect spacing of the elements, the mutual conductance always 
will be lowered and it may be detected. Since the mutual conductance is 
very easily measured, this constant is the one most suited for use as an 
acceptance standard for purchasers, and for use in factory, store or labora- 
tory for rapid checking of tubes against a standard value. A mutual con- 
ductance meter designed to measure this constant rapidly, is shown at the 
right of Fig. 211. This device should not be confused with the vacuum 
tube bridge just described, which is a laboratory instrument designed to 
give accurate measurement of all three constants. 



A commercial type of mutual conductance meter is shown at the right of Fig. 
211. Its circuit diagram is shown in Fig. 213. This is a null-point bridge instrument 
excited by a 1,000 cycle e.m.f. produced by a self contained microphone hummer and 
battery. A standard four-prong socket is provided, as well as a 5-prong socket for 
five-prong separate-heater tubes. All tube batteries are to be connected externally, 
and any desired plate voltage may be applied to the tube as well as any desired 
grid biasing voltage. The instrument is equipped with a voltmeter for indicating the 
voltage across the filament. A low-resistance high-current, and a high-resistance 
low-current rheostat are provided for filament voltage adjustment of all types of 
tubes. By the use of one or the other of the rheostats it is possible to adjust the 
filament voltage to the correct value for any standard tube. A pair of earphones is 
used to indicate when the bridge is balanced. If the bridge is operated in -a noisy 
environment, an extenvil stage of amplification should be employed to bring up the 
sound level in the earphones. 

Values of mutual conductance having a precision of within 5 per cent are quickly 
obtained by the manipulation of the sirgle dial to give silence in the phones. This is 
calibrated to read the mutual conductance in niicromhos directly. When testing screen 
grid tubes, the negative terminal of the C battery is connected directly to the control 
grid cap on the screen grid tube by means of a wire and a clip. A screen grid bat- 
tery is connected with its negative terminal to A- and its positive terminal to the 
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Flff. 214 — Table of average characterlatica of the various types of vacuum tubes. 
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C-terminal of the tester, for the screen grid of the tube connects to the normal G 
terminal of the tube socket. 

It is desirable that tubes be tested for short-circuited elements before being 
placed in the mutual conductance meter. A glance at the schematic diagram will show 
that when any of the elements in the tubes are shorted, the entire ^ate battery is 
impressed across R2, and although R2 will carry 260 milliamperes, it will not with- 
stand the heavy short-circuit current from the plate battery. If it is not practical 
to make a preliminary test for short-circuited elements, a protective relay or a fuse 
may be inserted in series with the plate battery. 

296. Table of vacuum tube characteriatica. As there are many 
different types of tubes for various special applications, and designed to 
operate from various sources and values of voltages and currents, it is 
convenient to have all of their important constants and operating char- 
acteristics arranged in a chart or table for convenience. A table of this 
kind is shown in Fig. 214. This is reproduced here by courtesy of the 
R.C.A. Radiotron Co., Inc. The student should learn to look up values 
from this chart and he should spend some time acquainting himself with 
the different general type numbers of the various tubes as well as the 
operating filament, grid and plate voltages recommended for them, and 
the values of mu, mutual conductance, a-c plate resistance, and undis- 
torted power output resulting. A good working knowledge of the data 
contained in this table will be of great assistance in all work concerning 
the use of vacuum tubes. 

For instance, referring to the 227 tube and reading over to the various columns 
at the right, we find that this tube may be used either as a detector or an amplifier, 
has a UY type base, may obtain its filament supply of 1.76 amperes at 2.6 volts 
either from an a-c or d-c source, will operate as a detector with a plate voltan of 
46 volts, etc. We find that when used as an amplifier, with an effective plate vmtage 
of ^ volts, and a C-bias of 6 volts, the plate current is 2.7 milliamperes, the a-c plate 
resistance is 11,000 ohms, the mutual conductance is 820 micromhos, the mu is 9, the 
ohms load for maximum undistorted output is 14,000 ohms, and the maximum undis- 
torted output is 30 milliwatts. For other values of plate and C bias voltages, these 
values are different as shown. In this way, this table can be used to supply a great 
deal of valuable operating data about all of the types of tubes listed. 

REVIEW QUESTIONS 

1. What are the three important constants of. a vacuum tube? 

2. Of what use are vacuum tube characteristic curves? 

3. Why does a certain electric potential on the grid have a greater 
influence over the space charge and plate current flow in a tube 
than an equal potential applied to the plate? 

4. For a given tube the same change in plate current is produced 
whether the plate voltage is changed by 50 volts or the grid po- 
tential is changed by 6 volts. What is the amplification factor 
of this tube? 

6. Draw an Lj - Ip characteristic curve for a tube operating with 
90 volts applied to the plate, using the following values of E, - Ip; 
—10 volts, .2 m.a. ; —8 \olts, 0.5 m.a.; +6 volts, 12 m.a. Find 
the amplification factor, of the tube at some point on this curve, 
assuming that the E, - Ip characteristic for a plate voltage of 
say 80 volts may be drawn parallel to and near this one. 
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6. Find the mutual conductance of the tube in problem (5), from 
the curve. 

7. Find the d-c plate resistance of the tube .in problem (5) at a 
grid potential of — 4 volts. Find the a-c plate resistance. 

8. Define (a) amplification constant, (b) mutual conductance, (c) 
d-c plate resistance, (d) a-c plate resistance of a tube. 

9. Why do the mutual conductance and the a-c plate resistance of 
a tube vary if the plate and grid voltages are varied? 

10. Why is the plate current always larger than the grid current? 
Under what conditions may current flow in the grid circuit of a 
vacuum tube? 

11. The power output of a vacuum tube is greater than the power 
input. Does this mean that the tube creates power? Explain 
just where the extra power comes from. 

12. One tube has an amplification factor of 200, another type has a 
value of 5. Does this mean that the first tube is a better tube 
to use in any type of amplifier than the latter is? Explain in de- 
tail. 

13. Explain in detail why the signal voltage to be amplified is al- 
ways impressed across the grid circuit of a vacuum tube rather 
than into, or across, any of the other circuits. 

14. What tube constant do most xrommercial tube checkers measure? 
Why? 

16. Draw a simple circuit diagram of a tube checker designed to 
check the mutual conductance of a simple 3-electrode tube. Ex 
plain its operation. 

16. What is the difference between the static and dynamic charac- 
teristic curves of vacuum tubes? Why are they different? Which 
gives more accurate information concerning the characteristics 
of a vacuum tube under actual operating conditions? Why? 

17. If you were interested merely in finding out whether various 
tubes in a batch were in good operating condition, what test 
would you apply to them? 

18. If you wanted to find out the exact characteristics of the tubes 
in question 17, how would you test them? Why? 

19. A 90 volt B battery is connected in the plate circuit of a vac- 
uum tube in which there is also a 0.1 megohm resistor. The plate 
current flowing is 0.2 milliampere. What is the effective voltage 
being applied to the plate of the tube? What voltage appears 
across the resistor? Draw a sketch with all of the circuit con- 
ditions and values marked on it and explain. 

20. Would a tube whose E, - Ip characteristic curve was very steep 
have a higher or lower amplification constant than one whose 
curve is not so steep? Why? 

21. What is meant by the term “transconductance" ? 
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CONSTRUCTION FEATURES OF VACUUM TUBES 

MANY TYPES OF TUBES — ELECTRON EMITTING FILAMENTS — THORIATED 
TUNGSTEN FILAMENT — REACTIVATING THORIATED TUNGSTEN FILAMENTS — 
OXIDE COATED FILAMENTS — INDIRECTLY HEATED CATHODES — CATHODES 
FOR A-C FILAMENT OPERATION — QUICK HEATER TUBES — THREE-ELECTRODE 
INDIRECT HEATER TUBE — PARALLEL AND SERIES OPERATION OF HEATER 
FILAMENTS — WHAT SCREEN GRID TUBE DOES ~ FEEDBACK IN R. F. AMPLI- 
FIER — ELECTRODE ARRANGEMENT IN S. G. TUBE — TYPES OF S. G. TUBES — 
CHARACTERISTICS OF S. G. TUBES — SPACE-CHARGE GRID TUBE — VARIABLE 
MU S. G. TUBE — POWER TUBES — HEATING OF THE PLATE; SECONDARY EMIS- 
SION AND SPACE CHARGE — POWER PENTODE TUBE — SCREEN GRID PENTODE 
— POWER SENSITIVITY — GRID BIAS FOR DIRECT HEATER AND INDIRECT 
HEATER TUBES, AND FOR SEVERAL TUBES — VACUUM TUBE CONSTRUCTION 
AND MANUFACTURE — EFFECT OF GAS — REVIEW QUESTIONS. 

297. Many types of tubes: Vacuum tubes are made in many 
forms with electrodes of various sizes, shapes and arrangements, each 
designed to give the tube certain special desired characteristics. 

The receiving types vary in filament rating, electron emitting char- 
acteristics, mutual conductance, a-c plate resistance and amplification con- 
stant. They also vary in detector sensitiveness, power output and overload 
capacity. Various types of vacuum tubes are shown in Fig. 215. This 
is only a part of the list of the many types of tubes made. The filaments 
may be designed to be operated from dry cells, storage batteries or raw 
alternating current. The tubes can be constructed to handle from one 
or two milliwatts to several thousand watts of power. The filaments may 
be either of the thoriated tungsten type or coated with the oxides of barium 
or calcium to increase the electron emission for a given temperature. In 
many tubes, the filament does not emit electrons at all, the electron emis- 
sion being obtained from a separate cathode heated by the filament. 
Filaments may be made in the form of round wires, or flat ribbons; ar- 
ranged in the form of a straight wire, an inverted V, a double V, etc. 

The plates are usually plain, box shaped, or nearly cylindrical, with 
the grids corresj 'ending. The relative spacing of grid, filament, and 
plate, as well as the fineness of the mesh in the grid, also depends on the 
type of tube. Some tubes have been designed with a multiplicity of 
filaments, grids and plates. Some types of tubes have even been designed 
with multiple elements so as to contain within the glass bulb all the 
necessary parts for one or two amplifier stages. These have attained 
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some popularity in the United States. While a large number of types of 
tubes are manufactured, we will now see that they all possess generally 
similar construction features. We will also see how the special char- 
acteristics are obtained. 

298. Electron-emitting filaments: As explained in Article 264, 
all practical vacuum tubes in use at the present time obtain a supply of 
electrons for their operation by means of some body called the cathode 
which is heated by an electric current flowing through a filament wire. 
The student is advised to refer again to Fig. 189 for a review of the var- 
ious methods of obtaining an electron emission. The question is often 
asked as to whether radium could be used as the electron emitter in vac- 
uum tubes. 


Fig. 215 — Various types of 
vacuum tubes, starting with 
the small dry-cell operated 
types at the left and advanc- 
ing to the powerful water- 
cooled tubes used in transmit- 
ting stations — at the right. 
These are only a few of the 
many types of vacuum tubes 
made for various radio and 
industrial uses. 
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Radium gives out, among other things, a rontinuou.s stream of electrons. A filament 
of metallic radium in a vacuum tube would produce electrons continuously, whether it 
were hot or cold, for thousands of years. It would aveMt therefore, any necessity for 
heating the filament. The heating battery could be dispensed with and the filament 
would never wear out or burn out. 

This would be very pleasant, but filaments of metallic radium are impossible if for 
no other reason than because one of them would cost some half-million dollars. What is 
actually proposed, and has been many times attempted, is to construct a tube in which 
the hot filament as a source of electrons is replaced by a preparation containing very 
little radium but which is still capable of giving off a continuous stream of electrons. A 
familiar example is the material used on the face figures of the so-called radium watches. 
This material really does contain a little radium. The activity of the radium produces 
light from another constituent of the material causing the figures to shine in the dark. 

Now similar compositions containing radium can be made .so that they will produce 
electrons instead of light and they can ue put into vacuum tubes instpad of the filament. 
A radium tube is, therefore, possible in theory. Whether it would be really use- 
ful is another matter, since there would be no practical way of controlling the elec- 
tron emission in order to produce tubes with desired characteristics easily controlled 
during manufacture. 
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We will first consider the filaments used in those tubes in which the 
electrons are emitted directly from the heated filament itself, i.e., the fila- 
ment is the cathode, as shown at (B) and (C) of Fig. 189. Since the 
purpose of the filament is to produce heat, it makes no difference so far 
as the emission of electrons by heating is concerned, whether the filament 
is heated to red heat by current from dry cells, a storage battery or an 
electric light line, provided the proper voltage is supplied to it. Any 
of these sources of voltage supply may be used, but the ordinary electric 
light line is probably the most widespread and convenient source of fila- 
ment voltage commonly employed. 

Some substances emit electrons readily at rather low temperatures, 
while most materials give off very few even though heated to extremely 
high temperatures. It has been found that the oxides of the rare earth 
metals, thorium, barium, calcium and strontium, give off a more abundant 
supply at easily obtained temperatures than any other materials of rea- 
sonable cost thus far produced, so they are used in vacuum tubes for 
producing the electron emission. As these materials are not mechani- 
cally strong enough to be made into self-supporting filaments and do not 
conduct electric current very well anyway, a filament of some wire such 
as tungsten, nickel or platinum, capable of being operated continuously 
at high temperatures without melting, is employed to carry the current 
and act as a rigid structure for supporting the electron-emitting material. 
Two types of cathodes of this form are in general use today, the thoriated 
tifhgsten filament and the oxide-coated filament. The use of the latter is 
rapidly increasing and it is being employed in all of the new types of 
tubes, but since the thoriated tungsten filament is still being used in the 
tubes which are listed in the reactivation table of Article 300 as being 
capable of being reactivated, a short description of it will be given here. 

Since the function of the filament in the type of tube now being con- 
sidered, is to emit electrons, it is e\ ident that it is desirable from the point 
of view of life of the filament wire, and electrical power consumed in the 
filament circuit, to use an electron-emitting material which will emit the 
greatest quantity of electrons at the lowest operating temperature. Pure 
tungsten wire is not a very good electron emitter, thoriated tungsten wire 
is better and barium and strontium oxides are still better. For instance, 
for the same amount of power in watts used in the filament circuit (same 
normal operating temperature), when the plain tungsten has an emission 
represented by 1, the thorium’s emission is represented by about ^0, and 
the emission of the oxide coated filament is about 120. The advantage 
of the oxide coated filament is apparent. Under normal operating con- 
ditions, thoriated tungsten filaments are operated at a white heat at about 
1700 degrees Centigrade in order to secure sufficient emission, whereas 
oxide-coated filaments give sufficient emission when operated at a dull 
red heat at about 760 degrees Centigrade, with corresponding longer life. 
For a given emission current, the thoriated tungsten filament takes one- 
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fourth the electrical heating: power required by a pure tungsten filament. 
An oxide-coated filament requires less than one-half that required by a 
thoriated filament. 

299. Thoriated tungsten filament: At the present time, some 
commercial types of tubes still use the thoriated tungsten filament. These 
are the ones listed as being capable of reactivation in the table in Article 
300. 

The thoriated ’tungsten filament is really a tungsten filament having thorium dis- 
tributed throughout its mass, and a very thin layer of the metal thorium on its surface. 
The tungsten serves merely to heat the thorium and to renew the thorium layer as it is 
used up, the electron emission coming wholly from the thorium layer. The raw filament 
wire is made of tungsten impregnated with from one-half to one per cent of thorium 
oxide and some carbon. (Tungsten is the metal also used for the filaments of incandes- 
cent lamp bulbs because of its ability to withstand high temperature without melting.) 

When such a filament is heated, two important actions take place. As the tempera- 
ture is increased to about 2,500 degrees Centigrade, some of the thorium oxide is reduced 
to metallic thorium, and then this gradually works its way to the surface of the fila- 
ment. At this temperature, the thorium which diffuses to the surface of the filament 
vaporizes immediately, leaving only pure tungsten at the surface. If the temperature 
is then lowered to about 1,800 degrees Centigrade for a few minutes, the thorium 
wanders or diffuses through the filament and when it reaches the surface (provided the 
vacuum is about perfect) remains there and gradually forms a layer of metallic thorium 
atoms which never exceeds a single atom in depth. It is this almost inconceivably 
thin layer which increases the emission over a hundred thousand times. When more 
thorium atoms work their way to the surface and come up under other thorium atoms 
already there, the latter at once evaporate, thus maintaining the layer only one atom 
thick. If the temperature is raised a few hundred degrees, the metallic thorium is 
formed from the oxide more rapidly and comes to the surface more abundantly, but it 
does not stay on the surface. It evaporates at once, leaving a tungsten surface. 

This film is very sensitive and must not be heated to too high a temperature, or it 
will evaporate. It is necessary to operate such a filament within a narrow range uf 
temperature close to 1,700 degrees Centigrade, where the ratio of evaporation is small 
and the temperature is high enough for the thorium to diffuse gradually to the surface 
and continually replenish the layer as it is used up by the normal operation of the 
tube. In the UX-201 A tube which uses this type of filament for instance, this condition 
obtains approximately when five volts is applied to the filament, sending a current of 
0.25 amperes through it. 

The electron emission of tubes employing this type of filament depends upon the 
presence of a thin layer of thorium atoms on the outer surface of the filament. During 
the normal operation of the tubes, the thorium on the outer surface gradually evapor- 
ates. This is constantly replenished by diffusion of the thorium from the inside of the 
filament. As long as the filament voltage is normal and is not raised over ten per cent 
above the rated value, the evaporation and replenishing continues at an equilibrium rate, 
so that a constant layer of thorium is maintained on the surface. 

If too high a filament voltage is used, the rate of evaporation of thorium is increased 
more rapidly than the rate of diffusion of the thorium to the surface, the thorium 
surface layer is partially or totally destroyed, and the emission drops to that of pure 
tungsten (which is practically zero at these temperatures) and the tube operation is 
impaired. If the tubes are operated art very low voltages, the filament temperature is 
so low that the process of boiling out the thorium from the interior of the filament 
becomes abnormally retarded, and the layer is slowly used up. 

The great majority of thoriated tubes die a natural death, in that their life con- 
tinues until all of the thorium in the filament is used up. Obviously nothing further 
can be done with them. Tubes which decrease in operating efficiency after having 
suffered some of the abuses mentioned above can usually have their thorium layer and 
full efficiency restored by the simple process of ^‘reactivation” or “rejuvenation”. Re- 
activation consists of cleaning the surface and reducing some of the thorium oxide in the 
wire to metallic thorium by heating the filament of the tube (with plate and grid circuit 
disconnected) to a higher tenmrature than normal, for a short time, by the application 
of specified high voltages. This is known as “flashing”. Then it is operated for a 
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longer time at a lower temperature. This boils out additional thorium atoms from the 
interior of the filament and a new active layer is formed on the surface. This is known 
M **ageing”. The plate and grid circuits are left disconnected to prevent them from at- 
tracting^e thorium electrons to themselves during the process. 

300. Reactivating thoriated tungsten filaments: The process of 
reactivation of thoriated tungsten filaments may be carried out as follows : 

All tubes not listed in the table of Fig. 216 as being capable of reacti- 
vation have oxide-coated filaments. 

Before reactivating a suspected tube, the condition of its filament should be tested 
by testing its electron emission to see if it is actually below normal. This is done by 
connecting the grid and plate together as shown at the upper left hand diagram of 
Fig 216 and connecting them to the plus terminal of a “B” battery through a milliam- 
meter of suitable range (see table in Fig. 216). The remaining connections are shown. 
The voltage across the filament, read on V, should first be adjusted to the values speci- 
fied in the table, for the particular type tube being tested. This also gives the proper 
“B” voltage to use. Close the switch just long enough to obtain a reading of the 
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Fig 216 — Upper left: Circuit for testing 
emission 

Lower Left: Circuits for reactivation. 
Right: Voltages and other data for reacti- 
vation 


emieaion current on MA, If the reading is less than that specified in the table, the 
tube can usually be improved by reactivation. If the emission is above the minimum 
specified, the tube is in good condition, and does not need reactivation. 

Reactivation may be done in either of two ways, depending on the condition of the 
tube. For a tube which is operating fairly satisfactorily, but which is to be pepped up 
to maximum, it is only necessary to disconnect all “B” batteries (or the “B' power umt) 
from the set and keep the tubes lit up at normal voltage for two or three hours, using 
the rheostats on the set to regulate the brilliancy. The storage “A” battery usually used 
with the set can be employed to supply the filament current. It is very important that 
the filament voltage be kept exactly at its proper value, as shown by a good voltmeter. 

For the bad cases where the tube gives little or no emission, the more elaborate 
method must be employed. This consists of two steps: first, operating the filament for 
a very short time at a specified high voltage (called “flashing**), then operating it at 
specified lower volUges for a longer period (called “ageing or cooking ), all of this 
with grid and plate disconnected. During this process the tube is operated without 
plate voltage, since under' normal conditions with the plate voltage on, the electrons 
would be attracted to the plate as soon as they are brought to the surface of the 
filament’ but by leaving the plate circuit open, they are allowed to accumulate on the 
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filament and are therefore available in the required quantitiee when operation is re- 
sumed. 

Reactivation may be carried on either with direct or altematinif current. At the 
lower left of Fig, 216 are shown the connections for the direct current method. A is a 
battery capable of furnishing at least 15 volts. R is a rheostat, GPFF is an ordinary 
tube socket, and V is a good voltmeter. The resistance R is adjusted until the filament 
volti^ is as shown in the “fiashing voltage” column in the table, depending on the 
particular type of tube. This voltage is applied for the lei^^th of time specified. Then 
it is decrees^ to the value specified as ^ageing”, for the time shown, ft is absolutely 
necessary that these voltages and times be strictly adhered to, since they are the values 
which have been found to give beat results, after a long series of investigations. 

The alternating current from the lighting socket can also be used for reactivation. 
For the alternating current method it is necessary to use a step-down transformer T, 
to step down the 110 volts to that necessary for the test. Any transformer giving the 
desired voltage can be used. This can be one of the small type used for operating 
door bells or electric toys. The voltage tap nearest the voltage specified should be 
selected and a rheostat in series with the filament used to adjust the exact voltage 
as read by the a-c voltmeter. The table gives the necessary data for those tUM 
which can be rejuvenated. The connections are shown at the lower center of Fig. 216. 

A tube can, on the average, be reactivated about six or eight times without any 
apparent injury to the filament The emission of various oxide-coated tubes can be 
tested by the process given, but obviously they cannot be reactivated, as will be seen 
presently from a study of this type of filament 

If the tube will not return to normal after proper reactivation treat- 
ment, it is proof that the tube has either served its normal life and the 
supply of thorium in the filament has been used up ; or it has been so heav- 
ily overloaded that the thorium content has been exhausted or the vacuum 
impaired. Obviously nothing can be done with such a tube. 

301. Oxide coated filaments: Very early work on vacuum tube 
filaments showed the value of coating the filament with certain oxides to 
greatly increase the electron emission at low operating temperatures. 
Tubes used in telephone work have employed oxide-coated filaments of 
platinum for many years. All of the latest tubes designed for radio 
receiving, employ either an oxide-coated metal filament or an oxide-coated 
cathode with a separate-heater filament operating at a dull red heat. The 
former construction is used in battery-operated tubes and power tubes. 
The latter type will be described later. 

The O9ide-coated filmment is usually made with a very thin ribbon of metal which 
serves to conduct the current and heat the electron-emitting oxide. Often the ribtx)ii 
is twisted on itself in such a way as to expose everywhere a sharply curved surface 
to make the oxide coating stick better. The reader should examine the filaments in 
some of the larger tubes such as the 245, 280 and 281 types. Several metals have been 
used for the filament wire or core. All early forms of oxide-coated filaments used a 
platinum or platinum-iridium filament core. The use of the large quantities of this 
valuable metal reouired for the millions of vacuum tubes manufactured, threatened to 
exhaust all available sources of supply and led to the search for cheaper substitutes. 
As a result, an alloy called Konel, several alloys of platinum, pure nickel, and alloys 
of nickel such as silico nickel, titanium nickel, chromium nickel, etc., are being used for 
filament wire by various tube manufacturers. Pure nickel, heretofore used extensively 
for fildments, is rapidly being abandoned in favor of these other metals on account eft 
its chemical interaction with the carbonates used for the preliminary coating. The 
wire used must offer the necessary high electrical resistance, so as to be economical in 
operation. The best wires are those with a cold resistance several times that of nickel, 
and with the resistance rising rapi^ as they warm up, so as to provide some measure 
of automatic current regulation. The wire must not stretch unduly when heated, to 
sag and ”short” with the near-by grid. A high melting point is necessary, for the 
carbonates require about 750 deg. C to provide the necessary emission. 
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A mixture of barium and strontium carbonates and a binder of nitrates, ordinary 
water fflass, or alcoholic suspensions of barium and strontium oxides, is applied 
to the nlament wire either by successive dippings and bakings in a continuous opera- 
tion, or by spraying by means of an air brush as in the case of the independently heated 
cathodes, the applications being repeated until the desired amount of coating material 
has been deposited. The mixture is baked on to the filament wire in special ovens. 
When the filament is assembled with the other elements in the glass bulbs, and the 
bulb is being exhausted, it is lit up to red heat by a source of current. This high 
temperature breaks down the carbonate coating and the reaction with the air in the 
tube forms an oxide coating and carbon dioxide gas, the latter being drawn off by the 
vacuum pump. The coating left on the filament wire core is a combination of barium 
and strontium oxides which adhere to the filament wire due to friction at the interface 
together with a certain rigidity of the mass as a whole that results from the inter- 
lodcing particles. This coating when heated to a dull red heat of about 750° C. by the 
heat produced in the filament wire due to the current flowing through it, will emit 
electrons freely. The same electron emission may be obtained from oxide coated 
platinum at 950° C. Considerable research work is being carried on to determine the 
exact nature of the effect of the core metal on the emission and whether the real source 
of electron emission is a layer of metallic barium on the surface of the rore or w'hether 
it takes place from a film of barium of atomic thickness on the surface of the coating. 
It is expected that the results of this work will lead to the development of even more 
efficient coated filaments than we now have. 

Of course, oxide-coated filaments cannot be reactivated as thoriated 
tungsten filaments can, since ail of the active material is on the surface of 
the filament wire or cathode, and when this is once used up, it cannot be 
replaced. When the active coating is all used up, the electron emission 
of the tube drops to a point where it is insufficient to keep the tube 
operating satisfactorily. 

This loss of electron emission may cause impaired set performance in a number 
of ways. For example, in the case of rectifier tubes the loss of emission means that the 
rectified voltage supplied by the tube is reduced to a point which reduces the sensitivity 
of the set, introduces distortion in the output, and limits the volume at which the set 
can be operated. 

In the case of output tubes, the maximum obtainable volume is reduced. If this 
reduction in volume is carried to an extreme, the set develops an extremely harsh and 
rasping quality. 

In the case of the detector and audio stages, somewhat similar effect in quality is 
obtained as the tubes wear out. 

In the radio frequency stages, a loss of sensitivity and corresponding loss of volume 
results. The supply of electrons from the cathode should be adequate to supply at least 
twice the normal plate current, otherwise the tube will be overloaded on strong signals 
and the quality of the set response is impaired. 

The normal operating filament temperature of the usual oxide-coated 
filament is 760 degrees Centigrade, and this is greatly exceeded when the 
voltage overload surpasses the 6 per cent limit or allowance specified by the 
tube manufacturer. The main advantages of the oxide-coated filament 
or cathode over the thoriated filament, is the lower operating temperature 
(about 960 degrees Centigrade lower) with consequent increase in filament 
life and reduced filament power consumption and higher saturatipn cur- 
rents. Improved i xide-coated filaments have made possible the construc- 
tion of tubes designed to obtain their filament current economically from 
2-volt batteries of the dry-cell or air-cell type. These filaments are thinner 
than a human hair and consume .06 ampere at 2 volts. This is a filament 
power consumption of only .12 watts per tube. Compare this with the old 
201 type of tube used several years ago. This required 1 ampere at 6 
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volts, (5 watts) or 40 times as much power tq. heat its tungsten filament 
sufficiently to give off a rather limited supply of electrons. 

302. Indirectly heated cathodes: In some cases a more mechan- 
ically rugged filament unit consuming a small supply of heating power is 
required, than is found in the ordinary direct-heated cathode types of fila- 
ments just described. Examples of this are in the use of radio receivers 
on automobiles and airplanes where the tubes are subjected to considerable 
vibration unless elaborate and costly shock-absorbing mounting schemes 
are resorted to. The tubes in these receivers must usually obtain their 
filament current from a battery and economical operation is essential. Also, 
in those radio receivers in which the filaments are heated by low voltage 
alternating current supplied by the 110 volt a-c electric light line by a 
suitable step-down filament heating transformer as shown at (D) of Fig. 
189, the use of the ordinary type of electron emitter consisting of a coated 
filament has not proved satisfactory, due to the fact that the varying cur- 
rent causes the filament temperature, the associated fields, the electron 
emission and plate current to vary, resulting in an annoying hum heard 
in the loud speaker. For vacuum tube applications of this general class, the 
indirectly-heated cathode has been developed and is used in many types 
of standard tubes. The construction of the heater element, insulating 
bushing and oxide-coated metal cathode thimble proper, were described in 
Article 264 (which should now be reviewed carefully) and shown in ele- 
mentary form at (D) of Fig. 189. In this construction the filament 
simply serves the purpose of producing heat. The electron emission is due 
to the barium and strontium oxide coating on the cathode surface. Gen- 
eral purpose tubes such as the 227, 224, 235, etc., having this type of 
electron emitter have filaments rated at 2.5 volts and either 1.5 or 1.75 
amperes. Special types of tubes such as the 236, 237 and 238 types, de- 
signed especially for d-c use in automobile and airplane receivers, or in sets 
operated directly from the direct current house supply lines, have filaments 
rated at 6.3 volts and 0.3 amperes. The 2.5-volt heater-type tubes can 
be operated with either a-c or d-c filament current of the proper voltage. 
Some 6.3 volt tubes are designed to be operated only with d-c filament 
current. 

303. Cathodes for a.c. filament operation: Instead of employing 
batteries for supplying the filament heater current for vacuum tubes, it is 
much more convenient where possible, to use the ordinary 110 volt house 
electric light supply line as a source of current. If the current available 
is a-c, it can be stepped down to the proper voltage for the operation of 
the tube filaments by means of a suitable step-down transformer. How- 
ever, if alternating current is used to heat the filaments of ordinary "direct- 
heater” type tubes such as the 201-A type, several very objectional actions 
occur. 

Altematinfir c«irrent starts from zero, rises to a positive value and drops to zero 
again then reverses its direction and repeats the process over and over 60 tiroes evei^ 
second (for a 60 cycle e. m. f.) as shown at (A) of Fig. Ill and (A) of Fig. 217. 
Twice during each cycle the current is actually zero and at other instants it has var- 
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ious values between zero and its peak value. Since the heat produced at each instant 
by the flow of current throug’h the resistance of the filament wire is proportional to the 
square of the current flowing at that instant multiplied by the resistance of the wire 
(WzzI^ R), it is evident that the heat set up in the wire will also increase and decrease 
120 times a second. Since the filament in this type of tube is finer than a human hair 
and therefore does not contain much metal, it cannot hold much heat, and twice every 
cycle when the current drops to zero, the temperature of the filament and its electron 
emitting substance also drops as shown at (B) of Fig. 217. This variation in tempera- 
ture results in a corresponding variation in electrons emitted and in the electron and 
current flow between the plate and the filament. These variations in the plate current 
120 times a second, cause the earphone or loudspeaker diaphragm to vibrate 120 times 
a second, resulting in a 120-cycle sound wave which sounds as a very objectionable low- 
pitched hum. 

Experiment: Connect up the proper A, B and C batteries and loud speaker to an 
ordinary radio receiver designed for battery operation with 201-A type tubes and tune 
in a station. Now disconnect the A battery and connect the term'inals of the 5 volt 
secondary winding of a filament transformer to the A 4- and A — terminals of the set. 
Connect the primary to the 110 volt a-c line, and turn on the a-c current and the set. 
A loud low-pitched hum will be heard, which drowns out the program being received due 
to the fact that it modulates the incoming signals at 120 cycles due to the 120 cycle 
variation in electron emission caused by the unsteady heating of the electron emitters. 

Another cause of hum in tubes of this type may be understood by assuming 
that we have a tube requiring 6 volts for its filament and 45 volts potential on its 
plate, as shown at (C) of Fig. 217. (The grid can be omitted from this discussion 
for the present.) The electrons given off by the heated filament are negative charges 
and since the plate is positive, the electrons will be attracted over from the filament 
to the plate. But the attracting power of the plate depends upon how positive it is 
with respect to the filament. 

On the diagram we note that 46 volts is the difference in potential existing between 
the end of the filament ‘'F'^ and the plate. This is true because the resistance of the 
heavy wires is negligible. The difference in potential between “D” and the plate, how- 
ever, cannot be 45 volts, on account of the 6 volt “A"' battery. Point “D” is 6 volts 
positive with respect to point F on the filament and hence the potential difference be- 
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tween D and the plate is only 39 volts. Between the center point “E” and the plate, 
the difference is only 42 volts. If the filament is heated by steady direct current, 
this condition is not objectionable, but if alternating current is used, the voltage of 
the filament is contiiK*ally changing; during one half cycle one end is positive with 
respect to the other, and during the next half cycle it is negative. Since the at- 
tractive force of the plate for emitted electrons depends on how positive it is with 

respect to the part of the filament the electrons came from, it is evident that more 

electrons will be drawn from the end D of the filament than the end F during one 
half cycle and more will be drawn from end F than from D during the next half 

cycle, etc. In the interval between these times, slightly different quantities of elec- 

trons are attracted, etc. 
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The same action takes place in the giid circuit if it is returned to either end of 
the filament. The fact that the potential of each end of the filament is alternately in- 
creasingf 3 volts above and then decreasing 3 volts below, that of the center point (for 
the 6 volt type filament considered for convenience), makes the grid potential vary 
likewise. If the plate and grid circuits are returned to either end of the filament 
carrying 60 cycle a-c, then the effect is the same as though a 120 cycle signal voltage 
were applied in the grid circuit — producing a 120 cycle variation in plate current and 
resulting in a 120-cycle sound from the speaker (a low-pitched hum). 

To reduce this hum in tubes of this type which are to be heated by a-c, a low 
voltage 1.6 v. filament is used in place of the ordinary 5 volt filament, so that the poten- 
tial of the ends of the filament only alternates plus and minus .76 volt above that of tha 
center of the filament, and the grid and plate return circuits are returned to a point 
which is electrically midway between the terminals of the filament, that is, a point 
whose potential is always at the same value as that of the center point of the filament 
wire, which value does not change. This condition may be likened to that in a see- 
saw pivoted at the center. The ends of the see-saw alternately move up and down 
but the center point remains always on the same level. 

The electrical center of the filament circuit may be obtained either by means of a 
center-tapped resistor connected directly across the filament terminals as at (D) or by 
constructing the filament-heating winding with a tap at its electrical center as at (iS?). 
The former method is preferable, since the resistor can be connected directly at the fila- 
ment terminals thus insuring a correct center The contact A may be even made 
adjustable by using a potentiometer for the purpose in order to obtain the exact and 
best operating point for minimum hum in the loud speaker. The method of using a 
center tap on the transformer winding has one serious objection in that the heating 
transformer is usually some distance away from the tube and therefore connecting 
wires BC and DE may be quite long and may not be of exactly the same length and 
resistance. In this case even though the center tap of the transformer winding is 
located accurately, it would not represent the accurate electrical center of the filament 
circuit of the tube since the resistance from the filament emter to the winding center 
tap on side CBA is different from that on the other side EDA. 

The path of the plate current Ip is from the positive terminal of the “B” voltage 
supply, through the plate load, across from the plate to the filament of the tube and 
then back through the filament-heating winding and out of the center-tap A, back to the 
negative terminal of the “B" voltage supply as shown by the arrows in (E). Ii a 
center-tapped resistor is used, as at (D), the plate current flows from the filament, 
through the resistor and out of the center tap A, to B minus, as shown by the arrows 
in (D). In most of the diagrams in this book, the use of the center-tapped resistor 
will be shown, but the student should remember that the center-tapped filament trans- 
former winding may also oe employed provided proper care is taken to keep the con- 
necting wires short and equal in length. Most manufactu^-ers now employ the center- 
tapped resistor arrangement on account of its advantages of simplicity and cheapness, 
but there are thousands of old radio receivers in use which have the tapped trans- 
former winding. It should also be remembered that the center-tapped re.sistor should 
be located near and roiintried directly to the filament terminals of the tube socket, 
for if it is placed some distance from it and connected by long wires, the same un- 
balancing due to unsymmetrical wiring and resulting unequal resistances in the two 
sides of the circuit may result, and the same objectionable hum as in the case just 
explained for the transformer winding will be present. 

The total resistance of the center-tapped resistor used, should be high enough 
so it does not draw too much current from the filament-supply source. Resistor values 
used for this purpose have become fairly well standardized; the various values used 
across filaments of various voltage ratings being approximately as follows. These 
values are not critical of course; 

Total resistance of 

F'llament Voltage C'enter-Tapped Resistor — Ohms. 

! 1.5 10 

20 
60 

60 or 76 
76 or 100 
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oto ^2 typical types of center-tapped resistors for this purpose are shown in Fig 
Z18. The illustration at the left shows the resistance wire wound on the form, with 
the center-tap connection visible. In the unit at the right, the resistor element is en- 
eased in Bakelite to keep out all moisture, etc., and to prevent mechanical damage to 
the thin resistance wire. Three metal terminals are brought out for connecting it. 

There is also a magnetic field surrounding the filament when there is current 
flowing. If direct current is employed, this field is fixed and although it deflects some 
of the electrons leaving the filament and forces them to travel much longer paths than 
others, it has practically no noticeable effect on the operation of the tube 

However, in the case of a-c this magnetic field will be periodically reversed and if 
the field changes, the paths of the electrons will be changed with the frequency of the 
a-c. This will result in fluctuations in the plate current, resulting in “hum.” 


Fig 



218 Lttft: Center- tapped resistor showing resistance ^ire wound fin supporting frame 
Right: Center-tapped resistor enclosed in iroissture-proof I’.akeliU- 


In the 226 type a-c tube, the oxide-coated filament was made very 
heavy and short and designed to operate with a low voltage of 1.5 volts — 
across it at a current of 1.05 amperes. It was made round in order to 
have the greatest thermal inertia for a given mass of filament material. 
The fact that it was thick enabled it to store a comparatively large quantity 
of heat during each half cycle, so its temperature did not drop so much 
during the intervals of zero current, that is, it had a high thermal inertia. 
Thus a steadier electron emission and plate current resulted. It was pos- 
sible to obtain a good balance between the electromagnetic and electro- 
static fields at the value of plate current desired, by returning the grid 
and plate circuits to the electrical center of the filament circuit by means of 
a center-tapped resistor connected across it as at (D) or by a center-tap 
on the filament winding of the supply transformer. The former method 
is preferable. Even though its thermal inertia is high and it has rather 
low hum output, it has been supplanted entirely by the independently 
heated equi-potential cathode used in the 227. 224, 235, etc., types of tubes- 
The 226 tube could not be used as a detector due to the hum it would 
produce. 

In the equi-potential cathode construction, already described previous- 
ly and shown in simple form (without the grid) at (D) of Fig. 189, the 
heater circuit is entirely independent of the plate and grid circuits. The 
cathode which emits the electrons is at a constant electrical potential and 
the direction of the plate current flow is from plate to cathode and back to 
B minus as shown. The cathode is heated, receiving its heat by conduction 
and radiation from the filament proper. The thermal inertia of the metal 
of the cathode, and the insulating bushing (see (D) of Fig. 189) is so 
great that fluctuations in the a-c current and heat of the filament do not af- 
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feet the electron emission and plate current. This type of construction 
is suitable for both detector and amplifier tubes. In the usual type of 
separate-heater tube there are five prongs, the additional one attached to 
the cathode being known as the “Cathode” prong. Direct-heater tubes of 
the 226 type are no longer used in a-c electric radio receivers of recent 
design. 

If the current for the filaments of vacuum tubes in a receiver is to 
be obtained from a 110 volt d-c electric light line, it is also advisable to use 
separate-heater type tubes because the d-c current obtained from com- 
mercial d-c generators is not absolutely smooth but contains slight rip- 
ples due to the rectification by the commutator as shown at (B) and (C) 
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of Fig. 68, which will cause hum due to varying filament-heating and elec- 
tron emission when tubes with ordinary thin filaments are employed. 

304. Quick-heater tubes: Filament and cathode arrangements 
in indirect-heater tubes have undergone a series of changes in order to 
achieve quick-heating of the cathode when the filament current is turned 
on. Quick heating has been achieved in various ways, either by a marked 
reduction in the mass of insulating material between the filament and 
cathode, by the use of new synthetic ceramic insulators having very good 
heat conductivity, or by the total elimination of the insulating material, 
merely relying on the mechanical separation between filament and cathode 
to prevent electrical contact and possible short-circuiting. 

An early type of indirectly-heated cathode is shown at (A) of Fig. 219. The cathode 
itself is a hollow, oxide-coated nickel thimble or cylinder. The filament is in the form 
of a hairpin loop of wire usually threaded through a hushing of ceramic material some- 
what like porcelain, within the cathode thimble. This insulates the cathode from the 
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filament, and the two heater wires are placed close to one another so that the alter- 
nating current fields set up around the two wires will largely neutralize one another 
because the currents in the two wires are of opposite phase, with the result that the 
external field around the heater will be very weak and the resulting hum therefore low. 
The great disadvantage of this cathode is the time required for the tube to begin 
functioning. Under the operating conditions obtaining in the average radio receiver, 
it generally takes from 15 to 30 seconds for the set to begin playing after being turned 
on. 

In an endeavor to reduce this heating time, some tube manufacturers developed 
the cathode shown at (B). This type of structure resulted in a quick heating cathode 
but it introduced many serious disadvantages. In the first place, the a-c heater is of 
the '^straight through'* type in which the field of the a-c heater current is not made to 
neutralize itself, with the result that this type of cathode produces entirely too much 
hum for use in the modern highly sensitive broadcast receiver. It will be evident also 
that the heater wire must be centered within the cathode thimble by the factory 
worker; an operation that cannot be accomplished satisfactorily in quantity production. 
In the second place, the heater wire is supported by long wires in glass beads which 
are not integral with the cathode. Since the heater wire is not covered with an in- 
sulator, the rough handling which a tube gets in shipment and the constant vibration 
which it receives in use often produces short-circuits of the heater to the cathode, with 
resulting greatly increased hum and unsatisfactory operation of the tube. 

(C) shows a type of cathode construction which was developed in an endeavor 
to eliminate the serious limitations of the previous cathode. As will be noted, an 
insulated hairpin is always centered within the cathode thimble. The kaolin insula- 
tion employed is a very hard and brittle substance, however, with the result that the 
repeated heating and cooling of the a-c heater, as the set is turned on and off in use, 
tends to crack off the insulation from the heater, thereby affording an opportunity 
for the heater to short circuit against the cathode thimble. It also will be noted that 
the hairpin heater is hand spaced and supported within the cathode as in the previous 
construction, and hence is subject to the same trouble. (D) shows a quick-heater, low- 
hum cathode used in modern high sensitivity receivers. It employs a heater of tung- 
sten wire> coiled into a tight double spiral, which makes it act like a spring. This 
springy heater is mounted under tension between two insulating plugs in the ends of 
the cathode. When the wire expands in heating, the springiness of the coiled con- 
struction takes up the slack, keeping the heater tight and in the exact center of the 
cathode. When jolted and jarred, the coil can deflect sideways without breaking, but 
instantly snaps back into position. The bottom insulating bushing is provided with 
a short projection which extends up into the heater coil for about two turns. This 
keeps the end turns from being short-circuited against each other as the operator 
threads the lead-in wires through the two holes in the bushing and thus assures a good 
rugged construction at this point. 

An improved type of cathode construction is shown at (E). The projection on the 
bottom insulating bushing has been lengthened to extend the full length of the heater 
coil. This stiff, hard rod, running the full length of the coil makes it difficult to pull 
or twist it out of shape when assembling and no strain need be put on the coil to 
keep it stretched when it heats up. 

305. Three-electrode indirect-heater tube: The construction of 
a general purpose three-electrode 227 type tube with independent heater 
construction is shown at Fig. 220. Starting at the left, the various parts 
are shown in the order of their assembly, working up to the completed 
tube at the right. The grid is in the form of a round spiral wire of molyb- 
denum, wound with spaced turns to allow the electrons to pass through 
the openings. This fits around the cathode assembly. Around this is the 
metal plate, usually of nickel. The parts are mounted on a glass stem 
and sealed in a glass bulb from which all of the air is later exhausted. 
The plates of many tubes of this type are made of a close-mesh wire screen 
or a perforated sheet instead of a solid sheet of metal, in order to reduce 
secondary emission and provide greater heat radiation. This will be 
considered later. 
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The arrangement of the elements and terminal markings in a tube of 
this type are shown in the cut-away view at (A) of Fig. 221, and the 
common s}anbol for the tube is shown at (B). The arrangement of the 
terminals in the five-prong socket required for this type of tube is shown 
at (C). Notice that the two filament terminals are arranged together, 
at the left is the cathode and at the right is the plate terminal. The grid 
terminal is at the rear and separated from all the rest in order to reduce 
the capacitance between it and the other prongs and contact pieces. This 
view is drawn looking down on top of the socket. An illustration of a 
socket of this kind is also shown at the left of Fig. 222. This tube can.be 



Pi|f. 220 Elements, and stepti in the constmrtion of a ^-eleotrode Indirect healer type tube 
At the left are the filament, cathode, grid and plate 

employed as a detector, or amplifier and possesse.s operating characteris- 
tics somewhat similar to the 201-A tube which was the standard general 
purpose tube for many years. Its characteristic curves are shown in Fig. 
200. The filament is designed to operate with 2.5 volts at 1.75 amperes, 
and of course may be heated either with a-c or d-c current, but it is 
commonly employed with a. c. heating current since other tubes with more 
desirable heater characteri.stics are available for d-c filament current 
operation. 

306. Parallel and series operation of heater filaments: When 
several vacuum tubes of the type ju.st de.scribed are operated together, 
their heater filaments may be connected either in parallel or in series. 
The parallel arrangement will be considered first since it is most commonly 
used. At (D) of Fig. 221, the filaments of four separate-heater type 
tubes are shown connected to the low voltage secondary winding of the 
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Fl«. 221 — (A) Construction and arranfement of the elementa In a S•elect^oda tuba of tha 
^ 3 T>e. (C) 6-pronff socket terminal arran^ment for tha tuba. 

(D) Parallel filament connection. (B) Series filament connection. 

drop, in order that the volta^ existins: at the tube filament terminals 
shall be of the proi>er value. Since the corresponding wires carry alter* 
nating current, the wires in each pair should always be run close together 
in order to prevent inducing 60 cycle a-c voltages by electromagnetie 
induction into other circuits which may run near them. As explained in 
Article 124, the wires may also be twisted together to prevent induction 
effects but this is rarely necessary if they are kept close together and at 
some distance from all other circuits which they might affect. A 5-prong 
tube socket suitable for tubes of this type is shown at the left of Fig. 222- 
Sockets of this kind usually contain flexible metal contact springs which 
press firmly against the tube prongs when it is inserted, thereby maldng 
good electrical contact with them. -A small step-down transformer de- 
signed to furnish low voltage a-c current for the filaments of a-c type 






462 


RADIO PHYSICS COURSE 


tubes is shown at the right. Transformers of this kind are designed to 
operate from the a-c house lighting circuit. They are usually of shell- 
type construction as shown at (D) of Fig. 71. As we shall see later, the 
filament current in most radio receivers is obtained from the separate 
low-voltage windings on the same power transformer that is used in the 
B-power supply unit. A transformer of this type is shown at the left of 
Fig. 72. A large number of radio receivers manufactured several years 
ago and still in use, employed types 226, 227, 224, 171-A, 245 and 280 tubes 
so that four different low voltages are supplied by separate windings on 
the same core of the transformer. Modern practice is definitely toward 
the use of tubes having similar filament voltage ratings (2.5 volts in the 



Fir 222 — L«ft- A 5-pronff socket for separate heater type tubes. Right A small transformer 
designed to deliver low-voltage a-c current for the fllaments of a-c operated tubes 


U. S.) so that the filament transformer construction and filament circuit 
wiring is simplified and cheapened. 

If the filaments are connected in series as shown at (E) of Fig. 221, 
the transformer winding must supply a voltage equal to that taken by 
one tube, multiplied by the number of tubes. The current in the circuit is 
simply equal to that taken by a single tube. This arrangement is not 
used to any extent in a-c operated receivers because it has several dis- 
advantages. If the filament of one tube burns out, all the tubes go out 
and they must all be tested in order to locate the defective one. Also each 
filament is at a different potential than the rest. As we shall see, the series 
filament connection is used in receivers operated from d-c hou.se lighting 
circuits due to the fact that with this arrangement the total filament cur- 
rent drain is lower than with the parallel arrangement. This makes the 
series voltage-reducing resistor cheaper to build, since it must not dissi- 
pate so much power. 

Problem: A radio receiver contains six 236 type tubes connected with their filaments 
in parallel. The filament of each tube is rated at 2.6 volts and 1.76 
amperes. What must be the voltage and current carrying capacity of the 
secondary winding of the transformer used to supply the current? If the 
power factor is 1, how many watts of electrical power does the transformer 
supply to the filaments? 

Solatioa: (a) The voltage delivered by the transformer winding is the same as that 
required by one tube, i.e., 2.6 volts since it is a parallel circuit, (b) The 
total current is equal to amperes. The winding must ^ de- 

signed to carry this current without undue heating, (c) Since this is an 
a-c circuit the power is given by 
W=EyIy power factor=2.6x 10.6x1=26.26 Watts. Ans. 
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Problem: Find the same quantities if the filaments of the tubes are connected in series. 
Solution: (a) The total voltage to be supplied by transformer=2.6x6=16 volts. 

(b) Total currents 1.76 amperes (same as for one tube), (c) Watts=EX 
ly power factor=16yl.75y 1=26.25 Watts. Ans. 

Although many types of tubes are employed in radio receivers at the 
present time, all of those used as detectors and amplifiers (excepting the 
last stage audio or “power amplifier” tube) in late type receivers operated 
from the d-c or a-c electric house lighting circuit, are of the separately- 
heated cathode type on account of their superior characteristics as regards 
hum-free operation. They are also used in automobile and aircraft re- 
ceivers where the more fragile filaments in the directly heated type would 
break due to the excessive vibration. 

307. What the acreen-grid tube does: One of the most serious 
factors which for many years retarded the development of real high-gain 
vacuum tube amplifiers for amplifying the weak high-frequency (radio 
frequency) signal voltages set up in receiving antenna circuits, was the 
fact that in the three-electrode tube, which was the only type commer- 
cially available at the time, an excessive capacitance existed between the 
grid and plate. This caused a feedback of energy from the inductive 
plate circuit to the tuned grid circuit, with the resulting oscillation and 
“peanut-stand whistle” so characteristic of the receivers of several years 
ago. Since the voltage amplification factor of the 201-A type tubes em- 
ployed in those days is only 8, it was necessary to use several stages of am- 
plification in order to boost the signal voltages up to a reasonable strength. 
However, as the number of radio frequency stages was increased above 
about 2, serious difficulties due to oscillation were encountered, and all 
sorts of circuit arrangements and “oscillation suppression” devices were 
developed to enable satisfactory operation of 3 and 4 stage r-f amplifiers 
with a reasonable amount of amplification. The popular neutrodyne 
circuit of old was one of those designed particularly at this stage of radio 
history, to neutralize the feedback of energy which would otherwise cause 
oscillation. The development of the screen-grid tube eliminated the nec- 
essity for these various oscillation preventatives by simply removing the 
source of the trouble, in reducing the grid-to-plate capacitance to a very 
low value, and at the same time made it possible to obtain more amplifica- 
tion per stage due to its higher amplification factor. The fact that the 
screen-grid principle accomplishes these two important results makes it an 
exceedingly useful tube. At the present time, the screen-grid tube in one 
foffn or another has practically entirely supplanted the older form of 
3-electrode tube in radio-frequency and intermediate-frequency amplifica- 
tion, simply becau: c of these important advantages. 

308. Feedback in r-f amplifier: In order to understand just how 
the screen-grid tube greatly reduces the oscillation tendency when used in 
r-f amplifiers employing tuned-grid and inductive-plate circuits, we must 
leave our study of vacuum tube construction for a few moments to study 
the action of an r-f amplifier stage and the way in which a feedback of 
energy from the plate to the grid circuit can take place due to the grid- 
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plate capacitance of the tube. Feedback may also take place via other 
routes but these will be considered in another chapter ; at this time we are 
merely interested in the reason for the particular type of construction em- 
ployed in the screen-grid tube. In Fig. 223 is shown the fundamental cir- 
cuit of a tuned radio frequency amplifier stage employing a simple 3-elec- 
trode vacuum tube. 


L0C2 is the tuned input to the amplifier tube, L3 is the primary and the second- 
mry oi the coupling transformer, which, when tuned by condenser impresses a 
▼oltage E4 on the grid-filament circuit of the following tube. The small series voltage 
impressed on the input of the first stage, represented by '‘e,” is impressed magnetically 
thirough mutual induction from the primary coil L,. The circuit L.,Co is tuned to 
resonance with the frequency of this input voltage ''e,*' and when in this condition, 
presents the minimum impedance to the flow of current circulating through it, indi- 
cated by the arrows in the L2C2 circuit. The strength of this current at resonance 
is determined by Ohm’s law and is therefore equal to the impressed signal voltage 



Fig. 223 — Fundamental circuit of T.R P amplifier stage using 3-electrode tube 


divided by the resistance of the tuned circuit, or e/R. This current in circulating* 
through the inductance Lo. builds up a voltage E.> across the L2C2 circuit, which is the 
a-€ grid potential applied to the tube, and controls the electron flow of the tube. (The 
▼oltage Ej is usually much larger than depending on the size of the inductance 
Lte and its resistance.) This important fact has already been discussed in our study 
0/ resonance and ’’gain” in Articles 174 and 249. 

The a-c signal voltage Ej applied to the grid circuit, causes the plate current 
through L3 to fluctuate in accordance with the changes it produces in the grid 
potential. These plate current fluctuations are rather large due to the strong control 
which the grid has on the electron flow and plate current. The fluctuating plate 
current flows through the primary of the transformer L3, which transfers energy to 
its secondary circuit by electromagnetic induction, giving rise to voltage E4 of the 
same frequency as E2 but of greater magnitude. This is fed to the grid circuit of the 
fhllowing tube, etc. Since the action in each of the stages in a multi-stage ampliflsr 
Is similar, we will consider only this one stage. The ratio of E4 to E.j is called the 
▼oltage ’’gain per stage” and may be any value between about 2 and 20 (with ordinary 
•-electrode tub^), depending upon the efficiency of the design. With screen-grid tubes 
and properly designed apparatus it is possible to obtain much more gain than this. 

Referring to (A) of Fig. 193 and (A) of Fig. 221 it is evident that since the plate, 
grid and filament are mounted concentrically with each other within the vacuum tube, 
and since the lead-in wires, tube prongs, end tube socket prongs are close together, 
some capacitance exists between the elements since they are all at different potentials. 
Considering s simple 3-«lectrode tube as shown at (A) of Fig. 224, we And that the 
grid and plate form a small condenser represented by Cgg, the grid and filament form a 
small condenser represented by Cut and the plate and fllament form a condenser Cgc. 
The former one is usually the largest, due to the large exposed area of the nid and 
the plate, and is the most important one. In a 201- A type 8-electrode tube, the plate- 
giidf capacitance is 10 mmf. In a 227 type separate-heater tube, the capacitances are 
aa follows: grid to plate 8^ mmf.; grid to cathode, 8.6 mmf.; plate to cathode 2.8 mmf. 
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None of the internal tube capacitances cause as much trouble as that between 
the plate and grid. That between the grid and hlament or cathode, has the effect of 
affecting the constants of the grid circuit. Since the value of this capacitance is small* 
its effect is usually negligible. 

The plate-to-filament (or cathode) capacitance is not detrimental since it serves 
as a very small by-pass for the radio frequency currents to the plate return or negative 
filament circuit. The presence of the grid-plate capacitance is very objectionable, 
since it permits the transfer of energy through the tube in the direction opposite to 
that desired, as we shall now see. The resulting feed-back as it is called, is objection- 
able. 

Consider the amplifier stage drawn in simplified form at (B) of Fig. 224. The 
plate circuit load is inductive. The capacitance between the grid and plate is repre- 
sented by the condenser and dotted lines above them. Consider an instant when the 
signal input voltage is in such a direction that it causes a flow of current around the 
tuned circuit in the direction shown by the solid arrows into the upper condenser plate, 
making this the positive end of the tuned circuit and driving the .grid potential toward 
positive. This will cause the plate current through L 3 to increase momentarily. The 
increase of current through gives rise to a momentary inductive voltage in a direc- 
tion tending to oppose this increase of current (Lenz^s Law) i.e., tending to make the 
bottom end of L 3 positive with respect to the top end. Since the entire circuit from 
the grid around to the plate is exactly the same as the simple condenser circuit shown 
at (C), this voltage impulse is transferred around through the B, A and C batteries and 
coil Lo, to the grid, causing a small current impulse to flow around to the grid through 
the circuit as shown by the dotted arrows. (The grid, we must remember, is one 
plate of the condenser, and therefore this is just the same as the current impulse which 
would flow in the condenser circuit at (C) from the right hand plate aiound through 
the circuit to the left hand plate, if a voltage were set up in L 3 with the polarity 
shown.) The result then of this current impulse fed back to the grid ci'*cuit, is to 
drive the grid further positive (since it is in the same direction as the origi;>al signal 
current in the tuned circuit and therefore aids it). This added voltage impulto on the 
grid is amplified by the tube again so as to produce a larger change in the pla'^o cur- 
rent than would otherwise have resulted. Thus we see that the feed-back in the case 
of an inductive plate load really strengthens the signal impulses and therefore increaaos 
their effect on producing changes in the plate current. 

A limited amount of feedback is beneficial from the standpoint of amplification, 
since it tends to increase it. When the next signal impulse takes place a fraction of a 



FIs 224 — Analyses of feedback in tuned-^rid amplifier staae with Inductive plate load. 


socond later, the current flows in the tuned circuit in the opposite direction, the^grid is 
driven more negative, causing the plate current to decrease momentarily. The induced 
voltage in is now n the opposite direction and a momentary transfer of current 
takes place ^om the grid around the circuit to the plate, thus aiding the signal volt- 
age impulse again. If the grid-plate capacitance is large enough, and the resistance 
or the circuit through which the energy flows is low so that little of it is dissipated in 
the form of heat, considerable energy is transferred back and forth through the 
circuit between the grid and plate during each signal impulse, and the tube will act 
as a generator or oeeillator, since each voltage impulse fed back to the grid circuit 
from the plate circuit is amplified by the tube and fed back again to be amplified 
again, etc. 
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If at this time, the input signal voltage due to the primary L| were removed, a-c 
eorrents would still flow in the tube cireuit, because whatever energy came from L| 
originally, has been amplifled by the tube and fed back to the grid circuit where it is 
amplifled again, and again and returns to the input. In other words, the tube oscil- 
lates, enough energy being supplied from the B battery to make up for all losses of 
power in the circuit. The frequency of this local feedback energy is determined by the 
frequency of resonance to which the tuned circuit LoCo is adjusted. If this is varied or 
adjusted so it is slightly above or below that of the incoming signal, the result is a 
combination of the incoming signal impulses with the feedback impulses generated in 
the tube circuit, to produce a third audible frequency impulse whose frequency is equal 
to the difference between the two, and which sounds like a high pitched whistle; a 
fourth impulse whose frequency is equal to the sum of the two is also produced. This 
is too high in frequency to be audible. The former is the whistle heard while an 
oscillating receiver is being tuned to an incoming signal or when its tuning condensers 
arc not adjusted so as to be exactly in tunc with the frequency of the incoming signal 
impulses. If the load in the plate circuit is either capacitive or a pure resistance, the 
voltage impulse fed back from the plate circuit to the grid circuit due to the plate-grid 
capacitance of the tube, is just opposite in phase to the signal impulse applied to the 
grid circuit. Therefore the circuit cannot oscillate, and the signal output from the 
tube will be weakened by the feedback. In this case the action is one of degeneration. 

The remedy for this is obviously either to neutralize this feedback 
current by an equal feedback current in the opposite direction or phase at 
every instant; to reduce this current by connecting resistance in the circuit 
80 as to introduce losses, or to alter the internal structure of the vacuum 
tube so as to greatly reduce or eliminate entirely the capacitance between 
the grid and the plate. The former method is the basis of the neutrodyne 
system which is no longer used extensively in receiving circuits (since 
there is no need for it now that screen-grid tubes are available) ; the next 
is the basis of the so-called losser system, and the last is the method used 
in the screen-grid tube. 

Of course, the grid-plate capacity has a fixed value in any type of 
tube, whether it is used as an audio or radio amplifier, but the higher fre- 
quencies in a radio circuit cause this capacity to be much more effective 
and troublesome when the tube is used as a radio amplifier. This last 
trouble alone has probably resulted in the development of more radio cir- 
cuits and inventions than any other known factor. 

309. Electrode arrangement in screen-grid tube: Referring now 
to (A) of Fig. 225 we have the arrangement employed in the screen-grid 
tube. This type of tube is made in two forms, one with a directly heated 
cathode for battery operation, and the other with a separately heated 
cathode for a-c operation. The construction of both are the same, with 
the exception of the electron emitter, and for simplicity the former will be 
considered first. The actions of both in an amplifier or detector circuit 
are similar, the difference being merely in the arrangement used to obtain 
the electron emission. 

The elimination of the plate-grid capacitance may he understood hy reference to 
the simple condenser circuit at (A) of Fig. 225. G and P represent the two plates of a 
condenser (we may imagine them to be the grid and plate of a vacuum tube). An a-c 
generator G is connected in the circuit together with an ammeter A and a voltmeter V 
as shown. Due to the alternating e. m. f. of the generator, a current (flow of elec- 
trons) will circulate around through the circuit, alternately from one plate to the 
other as shown by the arrows, the current which flows being proportional to the capaci- 
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tance of the condenser and the voltage V. This becomes evident when we remember 
that a condenser stores in the plate which is negative, the excess electrons which have 
been transferred around through the circuit (flow of electric current) by the applied 
e. m. f. The larger the capacitance of the condenser, the more electrons it can 
store due to a given e. m. f., and therefore the larger is the electron flow (current 
flow) through the circuit between the plates. If another plate were placed between 
these and connected as shown at (B), the effect is now of two condensers in series, but 
since there is no varying e. m. f. in the circuit between plate S and plate P, and they 
are connected together by a wire, they will both be at the same potential and conse- 
quently, no current will flow between them, current only flowing in the circuit between 
G and S where the source of voltage is connected. Consequently, the capacitance 
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Fig 225 — How the plate-grid capacitance In the screen-grrid tube is reduced to almost zero by 
the .screen -grid placed between the control prid and the plate. (D) Electrode ar- 
rangement in a screen-grid tube. (E) Terminal arrangement. (F) Connection of 
a-c .screen-grid tube in an amplifier circuit. 

between S and P has really been shorted out of the circuit and the current indicated by 
the ammeter drops to zero. We may then say that the effective capacitance between 
S and P has been reduced to zero by the electrostatic shield or screen S, connected as 
shown. It may be said that P is shielded or screened from G by S. 

In the screen-grid type of tube, this method of reducing the capaci- 
tance between the plate and grid is employed, by introducing a fourth 
electrode called the screen or screen^grid, placed between the ordinary 
grid and the plate, as shown diagrammatically at (C). The “screen-grid” 
electrically shields the control-grid from the plate. This form of tube is 
called a four-electrode tube. The ordinary grid, in whose circuit the signal 
e. m. f. is applied is now called the control grid since it controls the flow of 
electrons between tne cathode and plate. Since it is obviously impossible 
to place a solid sheet of metal between the control grid and plate because 
it would stop the flow of electrons, a grid-like screen consisting of many 
turns of fine wire is used, as shown in the cut-open view of the screen-grid 
tube in Fig. 226, and at (D) of Fig. 227. This is practically as effective in 
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acting as an electrostatic shield and in reducing the capacitance, as a solid 
sheet would be. The plate-grid capacitance is not affected by the intro- 
duction of the grid bias voltage connected as at (C) of Fig. 226, since the 
screen is still grounded as regards an impressed a-c signal voltage, that 



Pig. 226 — U«ft: Arrangement of the elements In a battery operated type screen-grid tube. 
Upper Right: Top view of the elements In the tube 

Lower Right: Arrangement of the elements in a separate heater type of screen-grid 
Cube designed for a-c filament operation. 


is, the potential difference between the negative terminal of the C-battery 
and the screen-grid lead remains steady in value. In addition to the 
screen directly between the plate and control grid, the outer surface and 
ends of the plate are screened from the control grid and its lead by a close 
wire-mesh circular screen as shown in Fig. 226 and at (F) of Fig. 227. 
The solid sheet metal plate is shown at (E), and the control grid is at 
(C). To make this construction possible, the control grid lead is brought 
out to a metal cap sealed into the top of the glass bulb as shown. So effec- 
tive is this screening, that the direct grid-plate capacitance of the battery 
type 232 screen-grid tube is .02 mmf., and that of the a-c type 224 tube is 
.01 mmf., as compared to 10 mmf. for that of the 201-A and 3.3 mmf. for the 
227 type of 3-electrode tubes. Of course this very low value of grid-plate 
capacitance in these tubes reduces practically to zero the feedback due to 
grid to plate capacitance when they are used as r-f amplifiers. Conse- 
quently, there is no instability from this source to hamper the radio- 
frequency amplifier performance. However, the other sources of feed- 
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back such as magnetic coupling between the plate and grid coils, coupling 
in the “B” voltage supply, etc., must also be eliminated in order to entirely 
eliminate feedback in the amplifier stages, even if screen-grid tubes are 
employed. 

In order to avoid any detrimental action by the screen grid on the flow 
of electrons through the open spaces in it on their way to the plate, it is 
maintained at a potential about equal to the stream potential at the point 
in which it is inserted in the electron stream. This is accomplished by 
connecting the screen grid to a low voltage tap on the B voltage supply 
device, usually 60 to 90 volts. The screen voltage may also be made var- 
iable by connecting it to the movable arm on a potentiometer connected 
across the “B” voltage supply. As the voltage applied- to the screen is 
reduced by adjustment of the potentiometer, the mutual conductance of 
the tube is decreased, with consequent decrease in volume. This arrange- 
ment has been used as a volume control for receivers, but ijt is not entirely 
satisfactory however, since it may also greatly decrease the selectivity of 
the receiver. 

Since the screen-grid tube consists of the usual 3-electrodes, (grid, 
plate and cathode), and an additional one, the screen-grid, it is called a 
four-electrode tube. As the screen grid is maintained at a positive poten- 



Fig 227 — Various stages in the assembly of the main parts of a separate -heater type screen- 
grid tube. 

tial with respect to the heater or filament, it thereby tends to neutralize 
and decrease the space charge between the filament and plate. This helps 
to increase the controlling effect of the control grid on the electron and 
plate current flow, that is, it increases the amplification factor of the tube. 
Thus, while the S-electrode 227 type tube has a mu of 9, the 224 screen- 
grid tube has a mu of about 400, although it is only possible to obtain an 
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effective amplification of about 40 or 50 in practical circuits. Because of 
this high voltage-amplification, the wire to the control-grid cap must be 
shielded from all other wires and circuits if it is long or near them. This 
is accomplished by using a wire with a copper braid or shield covering 
connected to ground. The entire tube is also covered usually with a metal 
tube shield connected to ground. This prevents all stray voltages from 
reaching the control grid. Also the screen-grid circuit must be well 
filtered by means of r-f chokes and by-pass condensers, to prevent coup- 
ling in the “B” voltage supply. 

The electrons from the filament proceed toward the plate aifd sdreen- 
grid at considerable speed, and most of them go through it and are collected 
by the plate, provided it is kept at a higher positive potential than the 
screen. Because the screen grid is between the plate and the control 
grid, the rate at which electrons go across the space is not controlled so 
much by the plate voltage as it is by the voltages on the two grids, that is, 
the plate current is more of less independent of the plate voltage within 
the operating zone of the tube, as shown by the fact that the Ep - Ip curves 
at (A) of Fig. 228 are almost horizontal, and the a-c plate resistance 
(which is the ratio between changes in plate voltage and the corresponding 
changes produced in the plate current), is very high, being 250,000 ohms 
in the 236 battery type tube and 400,000 ohms for a 224 a-c type of screen- 
grid tube. Since the plate resistance is almost invariably higher than the 
load impedance, the plate current is determined mostly by the plate re- 
sistance. 

310. Types of screen-grid tubes: Screen-grid tubes such as the 
type 222, 232, and 236 are designed with a thin filament which is heated 
directly by the d-c current flowing through it! The general construction 
of this type of tube is shown at the left of Fig. 226. The elements are 
arranged as already described and as shown at (C) of Fig. 225. At the 
upper right of Fig. 226 is shown a plan view of the element arrangement 
looking down on top of the tube. These tubes have four prongs in the 
base, two for the filament, one for the plate and one for the screen grid. 
The control grid connection is the cap at the top of the glass bulb as 
shown. 

The elements in the screen-grid tubes such as the 224, 235, 236, etc. 
designed for a-c operation are arranged in the same way as shown at 
(D) and (F) of Fig. 225 and the lower right of Fig. 226, excepting that a 
standard separately heated cathode arrangement similar to that already 
described and shown in Fig. 219 is employed. The base of the tube has 
6 prongs as shown at (E) of Fig. 225. Two prongs connect to the fila- 
ment, one to the cathode, one to the plate, and the remaining prong which 
is marked G on the socket, connects to the screen-grid of the tube. The 
“control grid” terminal is the cap on top of the glass bulb. The heater 
filaments of several tubes of this type may be operated in parallel from a 
single transformer winding in the same way, as shown at (D) of Fig. 221. 
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At Fig. 227 are shown the various elements of a 224 a-c type screen- 
grid tube during the stages of assembly. A is the filament with small 
ceramic spacing sleeves, B is the cathode, C is the spiral-wire control grid, 
D is the spiral wire inside part of the screen grid, E is the plate, F is the 
metal mesh outside part of the screen grid. At I, the plate, control grid, 
and cathode assembly are mounted on the stem. At J, the outer and inner 
parts of the screen-grid have been slipped over the plate. The various 
detector and radio and audio frequency amplifier circuits in which screen- 
grid tubes may be used will be studied later. 

311. Characteristics of screen-grid tubes: Some of the static 
characteristic curves of an a-c screen-grid tube are shown at (A) of Fig. 
228. It will be noticed that over the normal operating range of plate volt- 
age down to about 90 volts, changes of plate voltag^ have little effect on 
the plate current. At low plate voltages, the current actually decreases 
instead of increasing, that is, an increase in plate voltage causes a decrease 
in plate current. The tube then has a negative resistance characteristic. 
This is very important in the action of the tube as a “Dynatron”. At plate 
voltages lower than the screen-grid voltages, electrons may get through 
the screen-grid, but when they strike the plate they dislodge electrons 
(secondary emission) and both are attracted back to the screen-grid, 
because of its greater positive potential. This backward flow of elec- 
trons opposes the normal flow of electrons in the tube, thereby causing the 
plate current to decrease. 

When used as an amplifier, the plate, grid-bias and screen-grid volt- 
ages are adjusted so that the tube is operated on some portion of the 
almost flat part of its plate-voltage plate-current curve. The sum of the 
currents in the screen-grid circuit and the plate circuit are almost con- 
stant. The 232 and 224 types of screen-grid tubes may be operated either 
as amplifiers or detectors as we shall see later. 

312. Space-charge grid arrangement: The amplifying effect of 
a tube is due to the fact that since the grid is closer to the filament than 
the plate, a slight grid potential change, causes a greater plate current 
change than an equal plate potential change would. The amplification fac- 
tor of an ordinary 201-A type tube is about 8. 

The space around the filament is filled with a cloud of negative elec- 
trons, which constitute a space charge. This negative cloud repels the 
negative electrons attempting to shoot out from the filament, and being 
closer to the filament than is the grid, it has a greater effect than the grid. 
The space-charge produces two effects on the operation of the tube : 

The space charge constitutes a constant opposition to the attraction of the pasitive 
charge of the plate for the negative electrons from the filament. To overcome this 
constant repulsion, nearly 86 per cent of the plate potential applied to the ordinary 
3-electrode tube is used up (this part of the plate potential being practically useless as 
far as amplification goes), leaving about 15 per cent for direct action on the filament 
to establish the plate current and produce amplification. It is evident then that if the 
space charge could be entirely eliminated, for equal results, the plate voltages necessary 
for tube operation would be only about 15 per cent of what they are with 3 electrode 
tubes, and the' plate supply voltage unit would be very much simplified and cheapened. 
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The second effect of the space charge is to lower the amplification constant of the 
tube, since the grid does not have perfect freedom in controlling the plate current flow. 
In practice, the tube is always operated with the grid negative. As the repelling effect 
of a negative grid is added to the existing repelling effect of the space charge, any 
small change in grid potential is only a small percentage of the total repelling potential. 
That is, if the space charge were eliminated, the grid effect would be many times what 
it is with the space charge present, and (with nothing else happening) the amplification 
factor of the tube would be raised from eight up to 30 or 40, without any change in 
plate impedance. 

Of course, the amplification factor can be increased as is done in ordinary high-mu 
tubes by increasing the fineness of the grid mesh and placing the grid relatively nearer 



Fla 228 — (A) Average static characteristics of a ‘24 type screen grid tube 

(P) Arrangement of elements when the space-charge connection Is used 

(C) Connection of an ordinary screi*n-grid type tuhe as a space-charge grid tubs 

in a circuit 


to the filament than the plate. But this increases the plate to grid capacity enormously 
and increases the plate impedance, thus making these tubes usable only in audio-fre- 
quency circuits, due to the difficulties brought about by excessive feedback when used 
at the high frequencies existing in radio-frequency circuits, and the difficulty in secur- 
ing the proper high impedance load necessary in the plate circuit of the interstage 
coupling device to obtain any appreciable gain. If an ordinary 3-electrode high-mu 
tube such as the type 240 were to be constructc-d to have a mu of 200, the plate imped- 
ance would be about “six million** ohms! The effect of the space charge in ordinary 
three-electrode tubes is far greater than the effect of the grid, and is a constant factor 
unaffected by the incoming signal, and tending always to reduce the amplification of 
the tube. 

The space charge effect can be overcome, or at least reduced partially, by putting a 
positive charge at or near the region where the negative apace charge accumulates. 
This is done by introducing a positively charged fourth electrode into the tube, whose 
purpose it is to a.ssist the work of the plate in attracting electrons and do this effi- 
ciently because of its being nearer the troublesome cause. It is evident that this fourth 
electrode must surround the filament, can be placed either between grid and filament or 
between grid and plate, and must be of open construction to permit the electrons to 
fly through it. It can be in the form of another grid, an open winding or a network. 
If this electrode is placed around the filament, between it and the ordinary control grid 
as shown at (B) and (C) of Fig. 228, the tube is known as a space-charge grid tube. 

The ordinary screen-grid tube can be connected up as a space-charge grid tube 
as shown at (B) and (C) of Fig. 228. The inner or control grid of the screen-grid 
tube now becomes the space-charge grid and the screen-grid of the screen-grid tu^ 
now becomes the control grid as shown. The space-charge grid is maintained at a 
positive potential by connecting it to a low voltage tap on the ‘*B’’ power supply unit. 
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The practical results of the space-charge grid connection are, that the 
plate current for a given plate voltage is much increased and the mutual 
conductance of the tube is also increased. Since the screening effect of 
protecting the grid from potential variations in the plate circuit is lost by 
this arrangement, the grid-plate capacitance has reappeared, and there- 
fore the tube is of no use as a radio-frequency amplifier. It is in audio- 
amplifier circuits that the space- charge grid tube finds its field of useful- 
ness and a very high amplification per stage can be obtained at audio fre- 
quencies. However, because of the rather high internal tube capaci- 
tances resulting from this connection, the space-charge grid tube tends to 
discriminate against the high-frequency audio tones when used as an 
amplifier. Audio amplifier circuits for the space-charge grid tube will 
be considered later. 

313. Variable-mu (super-control) tube: A detailed study of the 
uses and fields of application of the variable-mu tube will not be pre- 
sented at this point since we have not yet progressed sufficiently in our 
study of radio-frequency amplification to appreciate the full significance 
and importance of what it accomplishes. This phase of the .study will be 
considered later when dealing with radio-frequency amplification. At this 
time we will consider merely the constructional f atures which enable us 
to build a vacuum tube whose amplification factor and mutual conductance 
may be made to vary in any desired steps when the control grid potential 
is varied. 

In the ordinary screen-grid form of vacuum tube already described in Articles 
309 to 312, the control grid is composed of a small spiral-wound coil of wire of uniform 
diameter with uniform spacing between the turns afe shown at (A) of Fig. 229. Ob- 
viously, every portion of a control grid of this kind has an equal effect on the control 
of the flow of electrons through the open spaces, when it is placed around a cathode 
emitting electrons uniformly from its surface as shown. The Ec - Ip characteristic 
curve of such a tube is shown by curve K at (A) of Fig. 230. It is evident that the 
characteristic is practically a straight line for the normal control grid potential work- 
ing range from points o to a (from o to about — 5 volts). Therefore, over this ran^ 
the plate current changes are substantially proportional to the changes of control grid 
potential. (We need not consider the part of the characteristic for positive control- 
grid potentials, since amplifier tubes are never operated with positive grid potentials.) 
As the control-grid potential is made more negative toward points c and 6, the plate 
current changes are no longer quite proportional to control-grid potential changes, as 
shown by the fact that the characteristic becomes somewhat curved. When the con- 
trol grid potential is about 11 volts negative, (point b) the electron flow through it is 
entirely stopped by its negative charge, so the plate current drops to zero as shown. 
The curve L in (B) of Fig. 230 represents the control grid potential — mutual conduct- 
ance curve for the 224 tube operated at normal filament, plate and screen-grid volt- 
ages. It will be seen that the mutual conductance also drops to zero when a negative 
grid potential of about 11 volts is reached. It will be remembered from our previous 
study in Article 287, that the mutual conductance of a vacuum tube is defined as the 
change in plate current produced, divided by the change in grid potential producing it. 

If any of the electrodes of the tubes are not arranged symmetrically 
with each other, the operating characteristics may become quite different. 
For instance, in the variable-mu screen grid tube developed by Stuart 
Ballantine and H. A. Snow, the individual turns of wire on the control grid 
are not uniformly spaced as at (A) of Fig. 229, but are more widely spaced 
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at the middle than at the two ends, as shown at (B). It is evident that 
with this construction, the more closely spaced end portions will oxert a 
greater controlling action on the flow of electrons through them than the 
more openly spaced center part will. 

At low negative grid bias voltage, the effects of a non-uniform turn-spacing on the 
electron flow and the tube characteristics are practically similar to those obtained when 
a uniform grid structure is employed. Electrons get through uniformly all along its 
entire length, as shown at (B). The screen grid and plate are not shown in these 
sketches in order to avoid confusion. It should be remembered that the positive plate 
surrounds the control grid, tending to draw the negative electrons through it. As the 
grid bias voltage is made more negative however, the electron flow from those areas 
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Fig. 229 — How the non-uniformly spaced control grid wires 
in the variable-mu tube pas.ses electron.s at the widely 
spaced portion and acts as an impassable barrier at 
the closely wound portions (E) A possible control- 
grid shape which gives the same results but which 
is not practical to manufacture Right An open view 
of a variable mu tube 
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of the cathode covered by the closely-wound portion of the grid is gradually cut off, since 
the negative charge of these grid wires form an impassible liarricr for the negative 
electrons. When this condition occurs, only the smaller area of the cathode around the 
more widely spaced turns between points 1 and 2 is effective as shown at (("), since 
electrons can get through the more open mesh there. Therefore, the amplification factor 
and mutual conductance of the tube are decreased rather abruptly at this point since 
given changes in grid potential now produce smaller changes in the elec tron flow and 
plate current than when the entire grid is acting on the electron flow; becau.se the ends 
of the grid are already cutting off the flow of electrons, so no change in electron flow 
results there. For greater negative grid potentials, the electron stream is still further 
reduced, until a point is finally reached where the entire plate current flow is reduced 
to zero. 

The variations in plate current of the commercial 225 variable-mu screen-grid 
tube of this type for various grid potentials is shown by curve V, at (A) of p^ig. 220. 
The mutual conductance is found to vary similarly as shown by curve M af (B) of 
Fig. 230. Notice that both the plate current and the mutual conductance (tran.scon- 
ductance) increase rather abruptly after a certain point is reached in each case. This 
is the reason for the name varmhle-mn or mulfi-mn tube. Refeiring to curve V at (A) 
it is seen that the slope of the Ec - U curve is rather stc.-ep from point to point m. 
Since the slope of this curve is a measure of the amplification factor of the tube (see 
Article 288) the amplification factor is high for a grid potential range represented by 
this portion of the characteristic. From point z to point x, the characteristic is very 
curved so the slope and the mu is changing rapidly. FVom x to c the characteristic is 
practically a straight line again, with a much smaller slope than before. Thus the mu 
for the grid potential range represented by this part is very much smaller than before. 
Consequently, if the normal operating potential of the grid of this tube is shifted from 
say, -6 volts to -24 volts by the application of a greater negative giid biasing voltage. 
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the amplification factor and mutual conductance would drop considerably. For in- 
stance, in the 235 type variable-mu tube with a fixed plate voltage of 260 volts and a 
fixed screen-grid voltage of 90 volts, the mutual conductance is 1 micromho at a con- 
trol grid potential of -50 volts, 15 micromhos when it is -40 volts, and 1050 micromhos 
when it is -3 volts (see curve M at (B) of Fig. 230). 

This important characteristic of being able to greatly vary the mutual conductance 
and amplification factor of a variable-mu tube simply by changing the control-grid 
bias voltage (either by a “manually-operated volume control” or by an “automatic 
volume control”), makes it possible for the tube to handle a larger range of signal 
strength or voltage without distortion due to cross-talk and cross-modulation (see Art. 
362), than an ord.nary screen grid tube can. When a weak signal is being received. 




Fig. 230 — (A)- Eg-Ip characteristics of a '24 type screen grid tube (K) and a varlable-mu 
(or "super-control”) type of tube (V). 

(B); Eg-Gm characteristics of the same tubes. Curve (M) Is for the variable-mu 
tube and curve (T.) is for the ordinary screen grid lube. 

high amplification is desired, and the volume control of the receiver is adjusted so as 
to apply a reduced negative bias to the control-grid, thus permitting the tube to work 
over the high-amplification region between z and m on characteristic (V) of (A) of 
Fig. 230. When a powerful signal is being received, the volume control is adjusted 
so as to make the grid bias voltage more negative, thus shifting the operating region 
toward x and e on the characteristic. This higher negative bias causes the electron 
flow from the sections of the cathode enclosed by the ends of the control-grid to be 
cut off (see (D) of Fig. 229), thus greatly reducing the control effect of the grid on 
the electron flow, that is, reducing the “amplification factor”. 

In addition to this convenient variable amplification feature, the variable-mu tube 
is also important because as will be seen from the curves in (A) of Fig, 230, it can 
handle a much larger range of signal strengths or voltages applied to its control- 
grid than can an ordinary screen grid tube. For these reasons, variable-mu tubes are 
often called super-control amplifier tubes. They are particularly suiteble for. use in 
sets having “automatic volume control” Tsee Art. 376). 

The 235 type variable-mu tube shown in Fig. 229 is of the screen-grid 
separate-heater type, since it is designed to be used in the r-f or inter- 
mediate frequency amplifiers of a-c operated receivers or as the ‘‘rnixer*^ 
tube in super-heterodyne receivers. The wide spacing of the control grid 
at the center and the closer spacing at the ends may be seen from this 



466 


RADIO PHYSICS COURSE 


illustration, since the outer screen-grid and plate have been partly broken 
away to show the inner screen grid and control grid. Otherwise the con- 
struction of the tube is exactly similar to that of the screen-grid 224 type. 
The special applications of the variable-mu tube will be considered in 
connection with cross modulation in Art. 362, and radio-frequency am- 
plifiers. It is important to note that the change in the characteristic of 
the tube can be made to take place at any pre-determined operating con- 
dition merely by proper design and spacing of the electrodes. 

314. Power tubes: In all the amplifying tubes except the last 
one in the audio amplifier, the object desired is an amplification or increase 
of the signal voltage applied to the input circuit. The varying signal 
voltage acts upon the grid of the tube to control the plate current. The 
varying plate current flowing through a resistance or inductive load pro- 
duces varying potential difference or voltage drop across the load. The 
variations in voltage appearing across the load are greater than the varia- 
tions in signal voltage applied to the grid, i.e., the applied voltage varia- 
tions are amplified. 

In the output circuit of the amplifying: tube in the last audio amplifier stage (the 
tube that feeds energy to the loud speaker), it is electrical power (watts) that is de 
sired, since actual electrical power is required to operate the speaker and cause motion 
of its diaphragm. Therefore, it is desirable that the last tube not only have a high 
amplification factor, but that it also have a large plate current and low plate impedance 
so that only a small part of the energy supplied to its plate circuit by the "B” power 
supply device be used up in the tube itself, and most of it be transferred to the loud 
speaker coupling device connected in its plate circuit. If a large portion of the applied 
plate circuit voltage is used up inside of the tube to overcome the impedance of the 
plate — cathode path, then very little will be left for use in supplying power to the loud 
speaker circuit since (W=ExI)- Also since the signal voltage set up in the antenna 
circuit has been amplified many thousand times by the various amplifying stages of 
the receiver before it reaches the grid circuit of tne last tube in the receiver, this tube 
must be capable of handling without distortion, quite large variations of signal voltage 
applied t<i its grid circuit (as high as 50 volts or more in home radio receivers and 
even more in high power audio amplifiers), that is, its E, - 1, characteristic curve must 
be straight over a large range of grid potential. 

Since in the power tube it is desired to obtain as much power output 
as possible due to a given applied signal voltage, the term power sensitivity 
is commonly used when comparing power tubes. The “power .sensitivity” 
is a measure of the power controlled in the plate circuit by a given input 
grid voltage change. Thus in a tube with a large “power sensitivity” 
small changes of grid potential handle large changes in output power 
Obviously this property is very desirable in a power output tube. Power 
sensitivity will be discussed more in detail in Article 319 in connection 
with the power pentode tube. Since these special requirements are some- 
what different from those desired for interstage amplifier tubes, the tubes 
used in the last audio stage of radio receivers and audio amplifiers are 
constructed somewhat differently from the ordinary general-purpose am- 
plifying tubes, and since their function is to deliver as much undistorted 
power to the loud-speaker as possible, they are called power tubes. If we 
study the methods by which these characteristics must be obtained in an 
ordinary 3-electrode type of tube, we will see that the requirements con- 
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flict so that it is not possible to attain all of them, but that a compromise 
in the resulting characteristics must be accepted. 


First, in order to obtain a low plate impedance, the plate must be mounted rather 
near to the cathode (electron emitter) so as to make the length of the plate current 
path short, and the plate area may be made quite large so as to make the cross-section 
area of the electron stream large. Also, the cathode must be designed to provide a 
plentiful supply of electrons. Second, in order to obtain a high amplification factci^ 
the grid wires may be very closely spaced as shown at (A) of Fig. 231 and the grid 
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Flf 231 — Effect of grid position and structure on the amplification factor and plat* impedanea 
of a 3-electrode tube 


should be mounted much nearer to the filament than the plate is, as shown at (B). so 
that a given change in grid potential will have a greater control on the electron now 
than an equal change in plate potential would. It can be seen that these two require- 
ments conflict, since if the plate is mounted close to the filament to reduce the plate 
impedance then the grid would have to be mounted practically on the filament to pro- 
duce a high amplification factor. This would be undesirable due to the possibility of 
short circuits. Also if the grid* wires were of very close mesh, the grid would entirely 
cut off the flow of electrons for rather small values of negative grid potential and the 
Ef - Ip characteristic would quickly drop down to zero plate current and therefore 
would not be straight for a very long portion, i.e., only rather small input signal volt- 
ages could be applied to the grid circuit without distortion. 


As a result of th^se considerations, our 3-electrode power tubes such 
as the 171-A, 245 and 250 types are compromises between the desired 
characteristics. In order to secure the desirable low plate impedance in 
the neighborhood of 2,000 to 6,000 ohms, together with a grid character- 
istic such that the E, - I, characteristic is practically a straight line over 
rather a large swing of grid potential, the grids of such tubes must be 
wound rather openly as shown at (C) and must be placed quite far Tela- 
tively, from the filam mt as shown at (D). If the grid is too near to the 
plate, as at (E) the grid will have no greater effect on the plate current 
flow than the plate has, and the ampliflcation factor will be low. The 
result is, that such tubes have a rather low voltage ampliflcation factor 
as will be seen from the following flgures for some common American S- 
electrode power tubes. 
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Tube Type 

Permissible 
signal grid- 
voltage 
swing (volts) 

Maximum 

undistorted 

output 

(milliwatts) 

Plate 

impedance 
in ohms 

Plate 
current 
(M. A.) 

Voltage 
ampliflca- 
tion factor 

120 

22.6 

110 

6,300 

6.6 

3.3 

231 

22.6 

170 

4,000 

8 . 

3.6 

112- A 

16 

260 

6,000 

7.6 

8.6 

171-A 

40.6 

700 

1,860 

20 

3.0 

246 

48.6 

1600 

1,760 

34 

3.6 

210 

36 

1600 

6,000 

18 

8.0 

260 

38 

4600 

1,800 

1 55 

3.8 


Note: These figures are those for the condition where the tube is operated at 
maximum plate voltage and correspondingly proper negative grid bias voltage. They 
are taken from the table of Fig. 214. 

Examination of these values shows that in general, those power tubes 
having the lower plate impedances and larger power output values have 
the lower amplification factors. It is also evident that the larger tubes 
such as the 245, 210 and 250 types can handle a larger signal voltage 
swing and deliver more undistorted power output than the smaller types. 
As their plate currents are quite large and they employ quite high plate 
voltages, considerable power is dissipated in the plate-filament circuit of 
such tubes. 

315. Filament current supply for power tubes: The filaments of 
all 3-electrode type power tubes, with the exception of the 120 and 210 
types (which are no longer used to any great extent), are of the oxide- 
coated ribbon type. The filaments of the larger power tubes such as the 
171-A, 245, 210 and 250 types are rather thick and consequently if they 
are heated with alternating current, their temperature will not vary to any 
great extent over each a-c cycle since they retain considerable heat. They 
are therefore heated with a-c of the proper voltage supplied by a step- 
down transformer, and a center-tapped resistor is connected across the 
filament for obtaining the electrical center of the filament as explained in 
Article 303. The method of obtaining the grid-bias voltage automatically 
will be explained later. Heating the filament of a power tube with a-c 
produces some 120-cycle ripple in the plate current, as in the ca.se of any 
of the other tubes in the receiver. A slight ripple in the plate current 
will produce a slight hum in the loudspeaker, but this will not be audible 
a foot or two away from the loud speaker. Of course, the power tubes de- 
signed for use in battery-operated receivers have their filaments heated 
from the “A” battery. 

316. Heating of the plate: The electrons which are travelling 
from the filament to the plate are moving at the rate of thousands of miles 
per second when they hit the plate. When electrons moving at such a high 
velocity are suddenly stopped by the plate, their energy of motion is sud- 
denly converted into h^t which is given up to the plate. This continuous 
bombardment of the plate by the stream of electrons attracted to it, results 
in considerable heat being produced in it especially if the plate current is 
large (large number of electrons moving to the plate every second) and a 
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high plate voltage is employed (greater velocity of the electrons when they 
strike the plate) . As will be seen from the table above, these are just the 
conditions which are present in power tubes, especially in the larger ones 
such as the 245, 210, and 250 type. 

The rate at which the heat is developed in the plate, for a non-oscil- 
lating tube, is proportional to the product of the plate current and the plate 
voltage. Since the plate is in a vacuum inside the glass bulb, this heat can 
be dissipated most by radiation, (actually a small part is also dissipated 
by conduction through the metal plate supports and glass stem). It is a 
well known law of physics that a black rough body will radiate heat much 
better than a smooth polished surface, when hot. Therefore the heat 
radiating properties of the plates of power tubes are increased by coating 
their surfaces with a rough black carbonized surface layer. This may 
be produced by spraying them with a solution containing graphite, or by 
depositing lampblack on them by exposing them to a luminous gas flame 
during manufacture. Inspection of a 245, 210 or 250 type power tube 
will reveal this blackened plate. This makes possible the use of a plate of 
smaller size, for equal heat radiation. 

317. Need for the pentode tube: Examination of the character- 
istics of the various 3-electrode power tubes listed in Fig. 214 shows that 
in general these tubes do not deliver a very great amount of undistorted 
power (remember that the figures given in the chart are for the power 
in milluvatts) , w^hen we consider that such high plate voltages as specified 
are applied to the tubes and such large plate currents flow. 

, For instance, from Fig. 214 we find that a 245 type power tube with 260 volts 
applied to the plate, has a plate current of .034 amperes flowing and delivers an undis- 
torted pow’er output of 1600 milliwatts (or 1.6 w'^atts). Now the electrical power being 
supplied to the plate circuit of this tube by the “B’* voltage supply device is equal to 
W:= Ey 1=250 y .034 or 8.5 watts. The tube only delivers 1.6 watts of useful power 
or about 1/5 as much as we put into its plate circuit. The rest is converted into useless 
heat in the plate-to-cathode circuit. There are two reasons for this, and when we 
know what they are, we will understand just why and how the pentode tube differs 
from other types of tubes. 

Various forms of pentode tubes have been employed in Europe for several years 
because of the necessity for economical operation of the many battery operated receiv- 
ers used there. It is essential in equipment of this kind that the plate voltages 
employed on tubes be as low as possible and that the amplification produced by each 
tube be as high as possible in order to economize on battery and tube cost. Also, since 
in most European countries radio set owners are taxed for radio reception on a basis 
of the number of tubes employed in the receiver, it is essential that each tube be made 
to produce as much amplification as possible in order to obtain the necessary amplifica- 
tion with a minimum number of tubes. The pentode type of tube fulfills these re- 
quirements by providing the same amplification and power output at lower plate volt- 
ages (or more amplification and power output at the same plate voltages) than is 
possible with present forms of 3 and 4-electrode tubes. 

Let US now see what undesirable tube characteristics the particular 
construction of the pentode tube reduces or eliminates. Before proceed- 
ing with this study it is important to point out that pentode tubes are 
five-electrode tubes, but that there are two entirely distinct forms of pen- 
todes or “five-electrode” tubes. One is the power pentode and the other 
is the screen^^grid pentode. Each has five electrodes, but as we shall see 
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these electrodes are arranged differently inside the tube resulting in char- 
acteristics which differ. The power pentode tube is a low-resistance (com- 
paratively) high-output tube designed only for the final stage in an audio 
amplifier. It is not suitable for use in a radio-frequency amplifier. The 
other pentode is a high-resistance, low-power output tube designed for 
radio or audio amplification only; it is of the screen grid type. It is not 
suitable for use as an output tube. 

318. Secondary emission and space charge reviewed: Although 
secondary emission and space charge were explained in Article 266 and 
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309, a complete understanding of them is so important in the study of the 
pentode tube that they will be review^ed briefly again here. 

The effectiveness with which a vacuum tube amplifies, depends upon the effective- 
ness with which the potential changes on the grid affect the plate current or the 
electron stream flowing between the cathode (or filament), and the plate. This varia- 
tion in the plate current is caused by a variation in the negative charge existing 
between the filament and the plate. As this charge is increased negatively — for in- 
stance, by adding additional grid bias or by applying the negative half of an alternating 
signal voltage cycle — the plate current is decrea.sed. the stronger negative charge 
repelling more electrons seeking a path through the grid to the plate 

The negative charge existing in the space between the filament and the plate of an 
ordinary vacuum tube consists of two parts, the useful control charge imposed by the 
grid, and the space charges of the cloud of electrons which are in the space between 
the cathode and the grid at any instant as shown at (A) of Fig. 232. This negative 
charge will tend to repel any other electrons which tend to come off from the cathode. 
The existance of this space charge detracts from the effectiveness of grid potential 
variations in the same manner that a glass full of water added to, or 
taken from, that in a large reservoir has a negligible effect on the total, compared with 
that of the addition or withdrawal of this same amount from a small pan of water. 
It is obvious that if we could eliminate this negative space charge, the effect of grid 
potential variations on the electron flow between the cathorie and plate would be con- 
siderably increased, that is the amplification factor of the tube would be raised. This 
is exactly what the fourth-electro<le, (the screen-grid) accomplishes in the screen-grid 
tube, hy introducing a counteracting positive charge behind the control grid. Some 
electrons strike this screen grid and current will therefore flow in its circuit. The 
power wasted in its circuit is small how’ever, because this grid is a coarse mesh and 
only comparatively few electrons stick to it. The rest are speeded up so much by the 
accelerating force of its positive charge, that they go rushing through it at speeds as 
high as twenty thousand or more miles per second, to land on the positive plate behind 
it as shown at (B). In the space-charge grid connection shown at Fig. 228, the positive 
charge is introduced between the cathode and control grid so it is even more effective 
in neutralizing the space charge which is normally between the cathode and control 
grid. 

As soon as the space charge is reduced or eliminated, the effectiveness of the plate 
voltage is also increased of course, since electrons emitted from the filament do not 
have to overcome the opposition of the space charge when on their way to the plate. 
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The effect of the space charge could also be reduced by using very high positive plate 
voltage, but in the 3-electrode tube it would require a rather excessive plate voltage 
to overcome the effect of space charge. By using the screen grid or space-charge grid, 
we can achieve the same effect with much lower plate voltages, or using the same plate 
voltages, we can obUin a great increase in operating efficiency, that is, in amplifica- 
tion factor. 

The use of the screen grid or space-charge grid arrangement seems 
like a very simple way to get rid of the space charge, but unfortunately 
the effectiveness of the screen grid tube (particularly as a power am- 
plifier), is limited by secondary emissions caused by the bombardment 
of the electrons against the plate. 

As the electrons, which are moving at velocities of thousands of miles per second, 
strike the plate, they not only give up their kinetic energy in the form of heat, but also 
tend to forcibly knock other secondary electrons out of the plate. This is called 
secondary emission. It is possible for a single electron to knock quite a few electrons 
loose from the plate, depending on its velocity. In the ordinary 3-electrode tube 
these secondary electrons may float around for a fraction of a second and either return 
to the plate or join the space charge. In the screen-grid tube however, the presence 
of the highly positive screen grid may attract these secondary electrons and get them 
moving with sufficient velocity to get away from the field of the plate, and into the 
positive field of the screen grid as shown at (C), taking a direction exactly opposite to 
that of the negative electrons leaving the cathode and therefore interfering with their 
motion (like charges repel) and causing the plate current to decrease. Since one 
electron may knock out as many as 20 electrons from the plate, if enough secondary 
electrons are knocked out, the number leaving the plate may be greater than the 
number arriving from the cathode. In this case, the main electron flow is from plate 
to screen-grid, that is, the plate current flows backwards. This is shown in the Ep - Ip 
characteristic curves of a screen grid tube at (A) of Fig. 228. It will be seen that 
when the plate voltage is less than the screen grid voltage (screen grid voltage for this 
tube was 76 volts positive), the plate current flows from plate to screen-gprid, as shown 
by the fact that the plate current curves dip down below the zero plate current line, 
i.e., go in the negative direction. This is the reason for these peculiar bends in the 
characteristic curves of a screen grid tube. This part of the curve represents a condi- 
tion of the tube that makes it worthless for the purpose of linear amplification. To 
prevent this of course, the plate should always be operated at a potential at least 
equal to that of the screen -grid, preferably higher. This means that even though we 
gain the advantage of reduction of space charge by using the screen-grid, it speeds 
up the electrons so much that they cause secondary emission which prevents us from 
being able to reduce the plate voltage to a value near that of the screen-grid voltage. 

Now we are prepared to see just what the additional or fifth electrode 
in the pentode tube does. 

319. The power pentode tube: The introduction of another grid 
forming the pentode or five-element tube effectively reduces the secondary 
emission, making it possible to take practical advantage of the increased 
amplification due to the screen grid. In the usual form of power pentode, 
the third grid is connected inside of the tube to the cathode and is com- 
monly referred to as the cathode grid or suppressor grid since it “sup- 
presses” the secondary emission. 

In the direct heater type power pentodes such as the 247 and 233 types, the cathode 
grid is connected directly to the center of the filament inside the tube as shown at (D), 
and a standard five prong UY socket is employed with the terminals arranged as 
shown in Fig. 232. In the separate-heater type power pentode tubes such as the 288 
type, the cathode grid is connected directly to the cathode as shown at (E). Therefore 
no extra external connection is necessary for it. A five prong UY socket is also 
employed for this type of tube, with the terminal arrangement shown. The control 
grid terminal is the cap on top of the tube. At the right of Fig. 233 is shown a direct 
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heater type of power pentode with a portion of its plate cut away to show the interior 
construction and arrangement of the elements. The arrangement of the elements 
may be seen more clearly from the drawing at (A). This type of tube is designed for 
use in the output stage of home radio receivers operated from the a-c electric light 
line. 

In pentode tubes the screen grid is sometimes referred to as the high 
voltage grid. This is probably a better name for this element than 
“screen-grid” because in the power pentode tube the primary purpose of 
this grid is to accelerate the electrons toward the plate and not to screen 
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Fig. 233 — Left: Skeleton sketch showing the arrangement of the elements m a power pentode 
tube 

Right: A power pentode tube designed for a-c filament operation. The plate la 
broken open to show the Interior construction 

the input from the output circuit as in the case of the screen-grid tube. 

The cathode grid, forms a grounded shield between the plate and the 
screen grid. As it is at the same potential as the cathode, it has prac- 
tically no effect on the electrons that have just left the cathode en route 
to the plate. However, its negative potential, in reference to the plate, is 
that of the instantaneous plate voltage, with the result that the secondary 
electrons prefer returning back to the plate rather than passing through 
the cathode grid to get to the screen grid beyond. 

An electron leaving the filament then, first comes into the field of the control 
grid (see (D) of Fig. 232) which will have a certain negative charge. It is drawn 
through this grid by the positive charge on the plate and screen grid beyond. It next 
comes into the field of the positive screen grid and is either attracted to it and 
neutralized, or is speeded up sufficiently so it goes through the screen grid to the 
cathode grid. It may be retarded by this grid because it is at zero potential. At any 
rate it is being attracted strongly by the positive charge on the plate just beyond, so it 
goes through the cathode grid and strikes the plate. If it knocks another electron 
ou^ or if it rebounds, it goes back a short distance and is immediately repelled back 
to the plate by the cathode grid and at the same time attracted back to the plate by 
the positive charge. In other words, any rebounding electrons or secondary electrons 
will be attracted back to the plate where they are useful. 
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The characteristics of the power pentode tubes types 238, 233 and 
247 will be found in Fig. 214. The 238 type employs a separate heater 
con^ruction as in (E) of Fig. 232 and is designed for battery operation 
in automobile or airplane receivers or in receivers operated from the d-c 
electric light line. The 233 type is a dry cell operated power pentode 
with a 2 volt type filament similar to that used in the 230, 231, and 232 
t3T)e tubes. The 247 is designed for 2.5 volt a-c filament operation in 
electrically operated receivers. 

320. Advantages of power pentode, power sensitivity: In the 

power pentode tube we approach the condition in which the maximum 
amount of plate power is controlled by a minimum amount of grid voltage 
fluctuation. It is a screen-grid tube adapted to power purposes for use 
in circuits where, with the four element tube, the grid swing w’ould be 
sufficient to introduce distortion due to secondary emission. 

There is a growing tendency to rate power tubes on the basis of 
power sensitivity. This is a very logical method of comparing output 
tubes, since their prime function is to deliver as much undistorted power 
to the loud speaker for a given fluctuation of grid potential as possible. 
At present, there exist two different definitions of this term. 

Hanna, Sutherlin and Upp define power sensitivity as the ratio of 
watts output to the square of the R. M. S. input voltage for a given limiting 
percentage of distortion. 

Still another definition has been proposed by Stuart Ballantine, and 
JI. L. Cobb (proceedings of the I. R. E., March 1930). In view of the fact 
that sound output from the loud speaker is proportional to the square root 
of the power, rather than directly proportional to the power, these engin- 
eers propose that, “The power sensitivity is defined as the square root of 
the power output divided by the effective values of the applied sinusoidal 
grid voltage”. By means of the latter rating we can compare directly 
the equivalent gains of two different types of output tubes of the same 
power capacity. 

One great advantage of the power pentode is its great power sensi- 
tivity. For instance, the 245 type power tube which has been used as a 
power output tube extensively in American made receivers, consumes some 
8 watts in its plate circuit, and with a 50 volt signal applied to the grid 
delivers 1.6 watts to the load or speaker circuit. The 247 power pentode 
operated at the same plate voltage of 250 volts draws a total plate and 
screen current of 39.5 milliamperes, so that about 10 watts are used in its 
plate circuit. However, the power sensitivity of this tube is so high that 
it will deliver 2.5 watts of undistorted power to the loud speaker when the 
applied signal voltage is only 16.5 volts. In other words, a single 247 pen- 
tode tube when employed in proper circuits will deliver nearly 1.5 times 
as much power to the loudspeaker with a signal voltage only 1/3 as much. 
The power pentode is about 3.3 times as sensitive as the 3-electrode power 
tubes commonly in use. This simply means that using a power pentode is 
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equivalent to using an additional amplifier stage with a voltage gain of 3.3 
times. In other words, a good pentode, properly operated, will be almost 
as effective as two -46 tubes in push-pull, for the same power employed (in 
power tubes) but possessing so high an amplification constant that it 
definitely eliminates the first audio stage, and probably, in many instances, 
will function both as detector and power amplifier, with obvious added 
economies. The elimination of previous stages automatically eliminates 
the hum and incidental distortion associated with the discarded tubes. 

Another application of the power pentode is in connection with phono- 
graph amplifiers. By using a high ratio transformer to couple the pickup 
to the power pentode tube, sufficient power output can be obtained by using 
a single stage of pentode amplification working directly into the loud 
speaker. Another advantage of the power pentode over the 3-electrode 
type of power tube is the fact that with a given electrical power taken 
from the plate voltage supply system, the power pentode will deliver much 
more power to the loud speaker. This makes it especially valuable in 
battery operated receivers where economical battery current consumption 
is desirable. Its complicated structure is a disadvantage of course, as it 
contains so many metal parts that it is difficult to remove all the air and 
gas from them and it is rather difficult to make tubes of this type with 
uniform characteristics by ordinary quantity production methods unless 
strict inspection is maintained. The circuit connections of pen- 
tode tubes will be considered later in connection with battery operated and 
electrically operated receivers. 

321. The screen-grid r-f pentode: If the extra grid of the pen- 
tode tube is kept at a positive potential with respect to the cathode, and is 
placed between the cathode and the control grid as shown at (F) of Fig. 
232, it will neutralize partly at least, the space charge between the cathode 
and control grid. We will then have a screen-grid pentode whose plate 
current is small, who.se inter-element capacity is rather high, whose power 
output is low and whose mutual conductance is somewhat greater than 
that of the ordinary form of screen-grid tube and with which greater 
amplification is therefore possible. Notice that the additional grid in this 
tube is in an altogether different place than in the power pentode, and 
that it serves an entirely different purpose. In the power pentode the 
additional grid prevents secondary emission from the plate. In this tube, 
which is called the screen-grid pentode, its purpose is merely to reduce the 
space charge, that is, to keep the electrons moving between the cathode and 
control-grid. In the screen-grid pentode, the extra grid is called the 
space-charge grid as shown at (F) of Fig. 232. It is given a positive 
charge by connecting it to a positive part of the "B” voltage supply device. 
It is unfortunate that the grid-plate capacity of the tube increases in 
almost the .same ratio as the possible voltage gain. As a result, objection- 
able oscillation due to feedback from the plate to the grid circuit is likely 
to occur when it is used in radio frequency amplifiers, thus making some 
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form of neutralization or oscillation suppression necessary. In one form 
of screen-grid pentode constructed along the line of the popular 224 type 
screen-grid tube, excepting that it has the extra space-charge grid, the 
grid to plate capacitance is almost double that of the 224 type tube. The 
input capacitance between the control-grid and cathode, and that between 
the plate and cathode, is also about double that of the 224 tube. It is 
possibly this fact that will prevent this type of tube from becoming very 
popular for use in r-f amplifiers. The fact that secondary emission takes 
place in this tube, causes the entire lower part of its Ep - Ip curve to dip 
below the zero line indicating a reversal in direction of the plate current, 
somewhat as shown in the characteristic for the ordinary screen-grid tube 
in Fig. 228. Like the pentode, this type of tube also suffers from the 
fact that its structure is rather complex and it is therefore difficult to 
make uniformly by quantity production methods unless careful inspection 
is maintained. 

322. Grid bias for direct heater tubes: As we shall see later, in 
practically all applications of the vacuum tubes as amplifiers, for best 
operation the control grid must be kept normally at a certain steady nega- 
tive potential with respect to the electron emitter (cathode) when no 
signal e. m. f. is applied, the value of this steady negative potential de- 
pending on the type of tube and the plate voltage applied to it. This is 
called the grid or “C” bias potential or voltage. Its purpose is to set the 
operation of the tube at the center of the straight portion of its E, - Ip 
characteristic when no signal is applied, so that when the a-c signal 
e. m. f. is applied to the grid circuit, it merely causes the grid potential to 
vary above and below this steady applied “C” bias voltage during each 
cycle, so the grid merely becomes more or less negative due to the signal. 
The grid is not allowed to swing positive, since then a grid current would 
flow, which is objectionable. Up to this point, we have considered that 
the grid was kept at some definite potential by means of a battery called 
the “C” or grid-bias battery, as shown at (A) of Fig. 234 when the filament 
is heated by a-c, and at (B) of Fig. 203 when the filament is heated with 
direct current by an “A” battery. The circuit may be arranged so the 
C bias voltage is furnished by the plate current of the tube itself, as we 
shall now see. In order to do this, a resistor R, (called the “C” or grid- 
bias resistor) is connected in the plate current return circuit as shown at 
(B) of Fig. 234 for the center-tapped resistor case and at (C) for the 
center-tapped transformer case. In either case, the operation is as fol- 
lows, the same notations being used in both diagrams : 

The plate current Ip flows from the positive terminal of the “B” voltage supply 
up through the plate circuit load to the plate, through the tube from plate to filament, 
down through both sides of the filament circuit and out of the center tap to point A, as 
shown by the arrows at both (B) and (C). From point A the current flows through 
the C bias resistor R from D to E, back to the negative terminal and through the 
B supply device, thus completing the circuit A certain amount of the total electric 
potential in the plate current circuit is used up (fall of potential) in forcing this current 
through R. Therefore the end E of the resistor will at a lower electric potential 
than the point D by an amount equal to IpX B, since in accordance with Ohm's law, 
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current always flows from a point of higher potential to a point of lower potential. 
Therefore if the grid return circuit (point F) is connected to the minus end of the 
grid bias resistor as shown, it will be at the same potential as point E and they are 
both at a lower potential than points D and A by an amount equal to the voltage drop 
in R. Hence if we know the plate current of a tube and the C bias voltage it requires, 
we can easily calculate the value of the grid-bias resistor required to produce this. 
The plate current and grid bias voltage required for any tube operated as an amplifler 
at any plate voltage may be found in the proper columns in the tube characteristic 
chart of Fig. 214. 

Example: A 224 tube is to be operated as an amplifier with a plate voltage of 180 
volts. What value of C bias resistor is required to obtain correct C bias 
voltage? 

Solution: Referring to Fig. 214, we find that for a 224 tube operated as an amplifier 
with a plate voltage of 180 volts, the plate current is 4 milliamperes (.004 
ampere), and the grid-bias voltage should be 3 volts. Therefore the correct 
value of C bias resistor to use is, 

E 3 

R— — — —750 ohms. Ans. 

I .004 

Many tubes are designed with rather thick filaments so they may be 
heated either with direct current or alternating current. The power tubes 
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such as the 171-A, 245, 247, etc. are of this type, although the filaments of 
the latter take so much current that it is usually not economical to furnish 
the current from batteries. However, if we look up in Fig. 214, the C 
bias data for the 245 tube for instance, we find that two values of grid bias 
voltage are specified, one for d-c on the filament and the other for a-c 
on the filament. The grid bias to be applied when the filament is heated 
With d-c is 48.5 volts negative and when the filament is heated with 
a-c it should be 50 volts negative, for a plate voltage of 250 volts. Simi- 
larly, the values are different for many other tubes. Let us see the reason 
for this. 

We must remember that all dilTerences of potential in a vacuum tube are referred 
to the negative end of the cathode as the point of reference. In the case of a direct- 
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heater type filament, this point is the negative end of the filament. Now in the case of a 
battery-operated filament, the negative end is simply the end of the side where the 
minus terminal of the A battery is connected. If a grid bias voltage of say 48.5 volts 
is specified as above, it simply means that the grid is kept at a potential 48.5 volts 
negative with respect to this point. However, if the filament is heated with 60 cycle 
alternating current instead, as shown in Fig. 234, neither end of the filament can be 
considered as the negative all the time, for both ends are changing alternately from 
positive to negative 60 times every second. Therefore we must refer our voltages to 
whichever end of the filament happens to be negative at the instant considered. When 
the left side of the filament is negative we have the condition shown at (D). Current 
flows out of the transformer winding and through the filament of the tube. Current 
also flows out of the positive terminal of the transformer winding to H, then through 
the center-tapped resistor to A and to G and back into the negative terminal. For the 
case of the 2.5 volt type of filament being considered, there is therefore a difference of 
potential of 2.5 volts between H and G, point H being at the higher potential. Since 
A is the center-tap, there will be a difference of potential of half this or 1.25 volts 
between point A and point G, that is, since current flows from A to G, center-tap A is 
1.25 volts positive with respect to point G which is the negative end of the filament at 
this instant, and to which all voltages are to be referred at this instant. Therefore if 
the C bias resistor R was of the proper value to make point E 48.5 volts lower in 
potential than point D, since point A is 1.25 volt higher in potential than point G, point 
E is really only 48.5 — 1.25 — 47.25 volts lower in potential than the negative end G of 
the filament. This may be understood better from the simple potential level diagram at 
(E) in which distances above the zero potential deference line 0-0 represent positive 
potentials and distances below represent negative potentials. Point A is 1.25 volts 
above G. Point E is 48.5 volts below A. Therefore point E is 48.5 — 1.25z=47.25 volts 
below G. These vertical distances might be considered to represent actual potential 
differences in volts. Now on the next half of the cycle when the right hand side of 
the filament becomes negative and therefore becomes the reference point for potentials, 
point A will again be at a higher potential than the negative end of the filament, since 
current now flows from G to A to N (the reader should draw the diagram for this 
condition), and we have the same condition. 

, It is evident from this, that in the case of a-c filament operation the 
actual voltage drop across the C bias resistor must be greater than the net 
effective difference of potential required between the grid and negative end 
of the filament at each instant, by an amount equal to half the filament 
voltage. In tables of tube characteristics, the actual voltage drop across 
the C bias resistor is called the grid-bias voltage in either case simply for 
convenience, although it is the true C bias voltage only in the case of d-c 
filament operation. This, then, is the reason for the specification of high- 
er grid-bias voltage when a-c is used for heating the filament than when 
d-c is used. Taking the case of the 245 tube mentioned, we see that the 
difference between the specified values for a-c and d-c is -50 — 48.5=1.5. 
This is close enough to half the value of the filament voltage of the tube 
(2.5 -h 2=1.25 volts) . Glancing down the columns for the a-c and d-c oper- 
ation, it will be seen that in each case the grid bias voltage specified when 
a-c filament operation is used, is equal to the value specified for the d-c fila- 
ment operation plus half the filament voltage, (see Fig. 214) . 

Obviously, in radio equipment operated direct from the electric light 
circuits it is very convenient to obtain the proper grid-bias voltage for the 
various direct-heater filament tubes by this method, in order to elim- 
inate the use of a battery for furnishing it. Even in battery-operated 
equipment, this method is very advantageous when the grid bias voltage 
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required is only a small percentage of the plate voltage of the tube, for it 
eliminates the need for frequent renewals of C batteries. Also, since the 
grid bias voltage furnished by the resistor R depends on the plate current 
flowing through it, as the B batteries get old and the voltage drops, the 
plate current and fall of potential through R drop correspondingly. There- 
fore, the grid-bias voltage applied also drops automatically so that the 
proper grid-bias voltage for the particular plate voltage existing is always 
being applied. For this reason, this system is called the automatic or self- 
biasing method of obtaining grid-bias voltage. We shall hereafter refer 
to it by the latter term. 

Referring to (B) of Fig. 234 again it can be seen that the total potential difference 
in the plate circuit is furnished by the supply device, whether this be a set of dry 
cell batteries, a “B” eliminator or what not. Part of this is used up in sending the plate 
current through the load impedance, part in sending the plate current through the 
plate-cathode impedance, a small part in the filament and half of the center-tapped 
resistor, (this may be neglected), and part in sending the plate current through the 
grid bias resistor R, in order to develop the grid bias voltage. If we neglect the plate- 
load voltage drop and the drop in the filament and center-tapped resistor, the voltage 
actually effective between the cathode and plate is equal to the voltage of the B supply 
device minus the grid bias voltage drop in the grid bias resistor. Therefore in re- 
ceivers employing self bias it should be reninribered that the total “B" supply voltage 
should be higher than the voltage actually de.sired on the plates, by an amount at least 
equal to the grid bias voltage appearing across the grid bias resistor. If the impedance 
01 the plate circuit load is high, as in the case of a resistance coupled amplifier, there 
will also be considerable voltage drop in it, and this should also be considered in the 
above. 

Since the plate current flowing through the grid-bias resistor R is 
varying when a varying signal voltage is applied to the grid of the tube, 
the fall of potential in this resistor would also vary correspondingly and 
therefore the grid bias potential applied to the grid would vary. Let us 
see just what effect this would have: 

Referring to (D) of Fig. 234, let us consider the instant when the a-c signal 
voltage applied in the grid circuit tends to make the grid more positive (or less nega- 
tive) than the applied grid bias voltage. This will cause an increase in the plate 
current. The increased plate current flowing through grid-bias resistor R causes an 
increased drop of potential in it making point E more negative with respect to the 
negative end of the filament than before The effect of this is to increase the negative 
bias voltage applied to the grid, thus tending to make the grid more negative; or 
looking at it another way, tending to keep the grid potential from changing as much 
due to the signal e. m. f. as it would ordinarily, and therefore diminishing the plate 
current change and volume of sound caused by the signal. This is sometimes called a 
degenerative action because it is just opposite to the signal aiding action of regenera- 
tion which we shall study later. On the next half wave, when the signal e. m. f. tends 
to drive the grid more negative, the plate current decreases. Instantly this results in 
a lower potential drop through resistor R, and a lower applied negative grid bias volt- 
age, which tends to increase the plate current, thus opposing or weakening the effect 
of the signal e. m. f., in producing the plate current-changes. 

The values of C bias resistors recommended for use with various 
types of tubes, at various plate voltages will be given in Article 324, after 
we have considered the arrangement to be employed for obtaining self- 
bias in the case of separate-heater type tubes. The degenera- 
tive effect may be decreased greatly by shunting the grid bias resistor R, 
with a condenser C as shown. This forms in effect a resistance-capacity 
filter. Let us see how this operates : 
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Let us assume that a steady plate current of 2 milliamperes flows through resistor 
R of 2,000 ohms when no signal is applied to the tube. The fall of potential across the 
resistor is therefore Ez=Iy Rzz:.002y 2000z=4 volts. This charges the plates of con- 
denser C connected across it to a difference of potential of 4 volts. Now the first half 
of the first alternation of the a-c acts on the grid, drives the grid potential more 
positive. The plate current increases, and therefore more electrons tend to pass 
through R every second. Since R offers a resistance of 2,000 ohms to the flow of 
electrons through it, if condenser C is of large enough capacitance, so that it offers 
a substantially lower reactance to the flow of electrons into it at this frequency than 
resistor R does, these additional electrons will accumulate into its negative plate 
instead of going through the resistor. Therefore the resistor still carries practically 
the same current as before and so the voltage drop across it is the same and the grid 
bias voltage has not been affected. It is assumed that condenser C is of large enough 
capacitance so that these additional electrons crowding into its negative plate during 
this small interval of time do not increase the potential difference between its plates 
to any noticeable extent. Now the next part of the signal impulse comes along and 
drives the grid potential more negative. This tends to reduce the plate current, i.e., 
reduce the number of electrons drifting through resistor R. The condenser ^ing 
charged to maximum potential during the previous increasing plate current impulse, 
will now discharge part of the excess electrons from its negative plate. These go 
through the resistor and therefore help to keep the voltage drop across it steady. The 
same thing is repeated over and over on each signal impulse, the condenser storing elec- 
trons when the plate current increases and releasing them when the plate current 
decreases, so that the grid bias voltage obtained from resistor R remains substantially 
constant. It is assumed that the condenser is of large enough capacitance so that its 

reactance to the flow of electrons (current) at the frequency encountered in the 

circuit is much lower than the resistance R which it is shunting. Of course the larger 
the condenser capacitance is, the better, but the element of condenser cost and space 
available limit the size of by-pass condensers which can be employed in practice. For 
practical purposes, in radio-frequency circuits a by-pass condenser is chosen of such a 
capacitance that its reactance at the frequency of the signal e. m. f. and plate current 
impulses is less than from one-one hundredth to one-one thousandth that of the 
resistor it is shunting. In audio-frequency circuits, the condenser reactance is usually 

kept down to about 0.1 the value of the resistance it is shunting. It has become com- 

mon practice to use by-pass condensers of 0.2 to 0.5 mfd. for shunting grid bias 
resistors of r-f amplifier tubes used in broadcast receivers where the frequency 
may be anywhere from 500,000 to 1,500,000 cycles per second; and to use by-pass con- 
densers from 1 mfd. to 4 mfd. for shunting those used in audio-frequency amplifier 
circuits where the frequency of the signal e. m. f. and plate current pulsations varies 
from below 100 cycles to above four or five thousand cycles per second. 

The size of condenser to use is determined by the lowest frequency en- 
countered, for since condenser reactance decreases as the frequency is in- 
creased, a by-pass condenser good for the lower frequencies will be even 
better for all frequencies higher than this. The table of condenser re- 
actances in Article 166, may be used for quickly finding the reactance of 
any size of condenser at almost any frequency. Condensers of the non- 
inductive type (see Articles 141 and 142) should be employed for this 
service. By-pass condensers used for this purpose are usually of the paper 
dielectric or mica dielectric type as shown in Figs. 90 and 91. 

Problem: What is the capacitance of a by-pass condenser which will have one-one- 
thousandth the reactance of the 2000 ohm non-inductive grid-bias resistor 
it is shunting, at a frequency of 500,000 cycles per second when used in the 
circuit of an r-f amplifier tube? 

Solution: The resistance offered by the resistor is 2,000 ohms regardless of the fre- 
quency, provided it is non-inductive. Therefore the reactance of the con- 
2000 

denser must be equal to =2 ohms. Referring to the table of condenser 

1000 
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reactances in Article 166, we find that the capacitance required which has a 
reactance of 2 ohms at 500,000 cycles may be a 0.25 mfd. condenser. This 
will have a reactance of 1.28 ohms at this frequency. A 0.2 mfd. condenser 
will also do, since its reactance would be 1.6 ohms. 

Problem: A 227 tube in an audio amplifier in which the lowest frequency is 120 cycles 
per second, employs a 2,000 ohm grid-bias resistor. What must be the 
capacitance of the by-pass condenser to be used across it if the condenser 
reactance is to be not more than about one tenth the reactance of the 
resistor at this frequency? 

Solution: 2000-^10=200. Referring to the condenser reactance table in Article 166, 
we find that at 120 cycles per second, a 6 mfd. condenser has a reactance of 
221 ohms. This condenser will therefore be suitable for the purpose. Ans. 

The use of a bias resistor in the cathode lead to derive a voltage from 
the plate current drop, leads to several complications in the case of the 
power pentode. Since the amplification factor is high, the degenerative 
effect of audio voltage across this bias resistor is marked in effect. To 
eliminate this effect which results in decreased power output and loss of 
fidelity, it is usual to bypass the resistor to B — with a condenser, as we 
have just seen. The value of capacity necessary with the ’47 type pentode 
is prohibitively large. To reach an optimum for reproduction down to 60 
cycles the capacitance would have to be about 10 microfarads since the C 
bias resistor would have to be about 418 ohms (actually about 400 ohms is 
used for the grid bias resistor). Of course an electrolytic condenser can 
be used for by-passing, but there are other better ways of obtaining the 
grid-bias. Fixed bias by means of a “bleeder” resistor from some point in 
the “B” supply can usually be obtained by the drop across a resistor of 
much lower value and can be de-coupled easily from the grid and plate cir- 
cuits of the pentode as we shall see later when studying receiver circuits in 
which power pentode tubes are employed. The method of obtaining grid- 
bias from some point in the B power supply unit is also used extensively 
for tubes other than pentodes. 

323. Grid-bias for separate-heater tubes: Grid-bias for separate- 
heater type tubes can also be obtained by connecting a grid-bias resistor 
in the plate return circuit of the tube. It is most conveniently connected 
as shown at (A) of Fig. 235, The plate current flows from the plate to the 
cathode, through the grid bias resistor to the negative terminal of the B 
voltage supply as shown by the arrows. 

Since the plate current flows from D to E, point D is at a higher poten- 
tial than point E, i.e., E is negative with respect to D by an amount equal 
to the voltage drop E=:IyR in the resistor R. If the grid return wire 
from F is connected to the lower end E of the grid-bias resistor as shown, 
both it and the grid will be kept at this negative potential with respect to 
point D and the cathode. As explained in Article 322, a by-pass condenser 
C must be connected across the resi.stor, its value depending on the resis- 
tance of R and the lowest frequency of the pulsations of the plate current 
which is to flow through the resistor. This value depends of course on 
whether the tube is to be used in a radio frequency circuit or an audio fre- 
quency circuit. In the case of a screen-grid tube or variable-mu tube, the 
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same circuit connections may be employed as shown at (B), excepting that 
since both the plate current and the screen grid current flow back through 
resistor R, the sum of the two should be used as the current when calcu- 
lating the value of the grid-bias resistor required, by Ohm’s law. 

324. Grid-bias for several tubes: In the interests of economy, in 
radio receivers employing several tubes of the same type, and operated at 
the same voltages, since similar grid-bias voltages are required they may 
all be obtained from a single resistance. In the case of direct-heater type 
tubes, the grid-bias resistor is connected in the center-tap lead of the single 



Fig 235- -Obtaining negative gnd-bias voltage for separate-heater type tubes. 

center-tap resistor (or center-tap on the transformer winding) as shown 
at (C). Since the combined plate currents of all the tubes flow through 
this resistor, its value in Ohms should be less than that used for a single 
tube. Thus, if two tubes are operated from the same grid-bias resistor, 
since twice as much plate current flows through the resistor as for a single 
tube, it should be of only half the resistance value for the same bias voltage 
drop. For three tubes it is 1/3 as large as for 1 tube, etc. This may be 
understood from the following problem: 

Problem: From Fig. 214 it is found that at a plate voltage of 250 volts applied through 
a plate coupling resistor of 200,000 ohms, the plate current of a 224 screen- 
grid tube operated as an audio amplifier is .5 milliamperes (.0006 amps.) 
and the grid bias is 1.0 volt negative. Calculate the grid bias jesistor 
required for (a) a single tube, (b) two tubes operating with one resistor, 
(c) five tubi s operating with one resistor. 

E 1 

Solution: (a) R= — 1 = 200(1 ohms. 

I .0006 

(b) with two tubes, double the plate current flows through the resistor. 

1 

Therefore: R= =1000 ohms (half as much as for 1 tube). 

.001 

(c) for five tubes R=2000 -4-5=400 ohms. Ans. 
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In the case of several separate-heater type tubes obtaining their grid- 
bias voltage from a single resistor, the connection is as shown at (D), all 
the cathodes are connected together. The resistor is connected in the 
combined cathode return lead so that the total plate current of all the tubes 
' flows through it. The value of the resistor is calculated in the same way 
as for the cases explained above. Of course these connections for the grid- 
bias resistor are the same for either 3-electrode type tubes or screen-grid 
tubes, and for either radio-frequency or audio-frequency amplifler circuits. 
Similarly, when two vacuum tubes are connected in parallel or push-pull, 
the plate current through the common grid-bias resistor is double that of 
a single tube, and therefore in order to obtain the same fall of poteiltial 
for use as grid-bias, only half the value of resistance should be employed 
as would be used for a single tube. 

The following table furnishes the values of R to be used for proper 
grid-bias for various commonly used tubes when their filaments are oper- 
ated with a-c. The grid-bias resistor values given are for a single tube, 
and are calculated from the grid-bias voltage and plate-current values given 
in Fig. 214. The nearest resistor value which is easily obtainable com- 
mercially has been specified in each case, since a few ohms difference in 
the value of the grid-bias resistor will not affect the operation of the tube. 

TABLE OF GRID-BIAS RESISTOR VALUES 


Typ« 


Grid Bias 

Resistor For 

A Single Tube (Ohms) 

^of 

90 V. 

1 135 V. 

180 V. 


250 V. 

425 V. 

450 V. 

Tuba 

Plate 

. . _ 

! Plate 

Plate 


Plate 

Plate 

Plate 

226 

1600 

j 1400 

1800 





227 

2200 

2000 

2700 





224 



375 with 

75 V. on 

Screen 

2000 

224 



750 with 

90 V. on 

Screen 


171A 

1600 

1 1700 

2200 





246 


; 1400 1 

1500 





247 





420 



210 


! -- 1 



2200 

2200 

1 

250 


1 



1600 

1550 

1500 


Note: The resistance values given above are for a single tube. If two tubes are to be 
operated from the same grid bias resistor, only half this resistance value is 
required, etc. 

Later, when studying B power supply devices and modern a-c electric 
receivers, We will see how grid-bias voltages are obtained in many such 
receivers by making use of voltage drops occurring in loud speaker field 
windings, bleeder resistors, etc. The latter methods are used in many 
radio receivers on account of their convenience, low cost, and several ad- 
vantageous operating features, which will be explained. 
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325. Vacuum tube conatruction : Vacuum tubes are made in 
many forms, with various sizes, shapes and arrangements of electrodes 
in order to produce certain desirable characteristics to make the tube best 
suited for a particular use. The filaments may be designed to be operated 
from dry cells, storage batteries or raw alternating current. The tubes 
can be constructed to handle from a few milliwatts to several thousand 
watts of power. The filaments may be either of the thoriated tungsten 
type or coated with the oxides of barium or strontium to increase the elec- 
tron emission for a given temperature. They may be made in the form of 
round wires, or fiat ribbons ; arranged in the form of a straight wire, an 
inverted V, a double V, etc. The plates are usually plain box-shaped, or 
cylindrical, with the grids corresponding. The relative spacing of grid, 
filament, and plate, as well as the fineness of the mesh in the grid, also 
varies in the different tubes. Some tubes have been designed with a mul- 
tiplicity of filaments, grids and plates. In Europe, some tubes have been 
designed with multiple elements so as to contain within the glass bulb all 
the necessary parts for one or two amplifier stages. These have not at- 
tained great popularity in the United States. 

Illustrations of several types of vacuum tubes are shown in Figfs. 198, 196, 215, 220, 
226, 227, 229 and 233. The student should study these carefully at this point. The 
construction of the filament has already been considered in Articles 299 and ^1* We 
have seen that the oxide coated type is the most popular at the present time. The usual 
recommended limits of filament voltage variation are plus or minus five per cent of 
rated voltage. This means that the maximum permissible voltage is equal to 1.05 times 
the rated voltage and the minimum permissible voltage is 0.95 times the rated volta^. 
For a 227 tube rated at 2,5 volts these values are found to be 2.63 and 2.38 respectively. 
This overall range of ten per cent takes care of slight line voltage variations which 
may occur in receivers operated from the electric light lines, but is, of course, not 
sufficient to take care of any wide variations in line voltage, for in some localities 
(small towns especially), the line voltage may vary as much as twenty-five per cent. 

The grids are usually made of fine molybdenum (“molly^'), or nickel wire, wound 
in the form of either a round or flattened spiral, around two nickel supports, and welded, 
or otherwise fastened to them, at each turn. The inner screen-grid in the '24 type 
of screen-grid tube consists of a nickel wire. The outer screen grid is of nickel mesh 
as shown in Fig. 227. The chief advanUges of mesh as an outer element material for 
radio tubes are that it permits free radiation of heat from the intermediate elements, 
whose operation at low temperatures is desirable, and that during the evacuation 
process it permits more rapid inductive heating of the elements which it surroundiL 
The former advantage is of great importance in tubes where a considerable amount of 
heat is given out by the filament. The advantages of nickel as a. mesh material^ are 
many: it is pliable, and the mesh can be readily formed into any shape desired; it is 
easily cleaned by baking in a hydrogen atmosphere, and is relatively inimune to tar- 
nishing on standing or handling; it can be readily spot-welded to other nickel p^ts; it 
has a relatively high melting point; and it can be secured in a pure state and ^t * 
reasonable cost. The use of nickel mesh is restricted to the outer element of the tube 
for several reasons. The two grids within the plate of a screen-j^id type tube ms ot 
comparatively small diameter, must be accurate in diameter, and if mac^ of mesh would 
have to be of very open weave. Under these conditions, a more satisfactory grid can 
be manufactured using a spirally-wound wire than using woven mesh. In order to 
obUin satisfactory operation, the plate of the tube would have to be of very fine woven 
material if mesh were used; because of the difficulty and cost of weaving such fine mesh, 
solid nickel strip is still used for the plate by many manufacturers. 

The greatest obsUcle encouptered in the production of good vacuum tubes is gas. 
Utmost pMcautions must be taken to be sure that all the gas is removed from the tu^ 
before sealing. For this reason the pumping is carried out as far as P^sible within ^ 
economic time limit, followed by the flashing of a chemical or "getter” to clean up the 
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remaining gases. The metal parts are frequently baked in a hydrogen atmosphere, to 
remove the oxygen from the pores of the metal. Even so, with nickel for the support 
wires, plate and grid, there is considerable imbedded gas which is certain to be liberated 
when the tube is in use, resulting in gassy tubes. For this reason, molybdenum or 
“molly** plates are frequently used, also molly wire is used for supports and grids. 
However, this metal is far more expensive than nickel, and introduces a serious increase 
in cost. This is a very important consideration in a field such as the vacuum tube 
industry, which is highly competitive. For this reason, the nickel parts continue in 
general use. The plates of power tubes, rectifier tubes, and other large tubes are cov- 
ered with a carbonized surface layer. This makes them rough and black and aids in 
increasing the radiation of heat from them. The filament is supported at the bottom 
and top. In some tubes, additional bracing to prevent mechanical vibration of the ele- 
ments is secured by a piece of mica holding the grid, filament and plate supports rigidly 
at the top. This reduces microphonic noises caused by variation of distance between 
the elements due to mechanical vibration. The slight variation of element spacing due 
to vibration would cause the plate current to vary likewise, resulting in a sound of the 
same vibration frequency from the loud speaker. 

326. Manufacture of vacuum tubes: Fig. 196 shows the assembly 
stages of a 201-A type vacuum tube. Fig. 227 shows a few of the assembly 
stages of a 224 type screen-grid tube. The metal parts are first assembled 
on the metal supports and fastened mostly by spot-welding. The entire 
assembly is mounted on a glass flare through which the connecting wires 
are sealed, and from which a hollow tube extends at the Vjottom. The 

flare is then sealed to the outer glass 
bulb as shown at the right of Fig. 
196, making an upright assembly. 

The long glass tube i.s attached to the 
special high vacuum pumps which exhaust 
the air out. Several tubes are placed on a 
manifold for exhaust. They are heated by 
gas flames while the exhaust pumps are 
in operation. This quickly drives out all air 
and gas bubbles which may be entrapped in 
the pores of the walls of the bulb and all 
of the metal and glass parts inside of it. 
For a similar reason, the filament is usually 
kept heated by an electric current during 
this time. The elements are now heated to 
a red heat to drive out any remaining gas, 
by means of an external radio-frequency 
induction coil called a “bombarder** which 
diops over the glass bulb as shown at E 
of Fig 235A. The rapidly alternating power- 
ful magnetic field of the coil induces power- 
ful eddy currents in the metal parts inside, 
which heat them to a red heat and thereby 
helps to free the occluded gases which are 
immediately drawn off by the pumps. Of 
course the field has no effect on the glass 
bulb which is an insulator. After the tube 
has been evacuated as much as possible by 
the pumping process, it is sealed off, and the 
high frequency bombarder coil which is low- 
ered over the tube heats the elements 
excessively to a red heat by induction. This 
forces out the remaining gas molecules since 
they expand due to the heat, and at the same 
time the “getter** material vaporizes and 
enters into vigorous chemical combination 



CourUBy EUctronicB Magagvne 
Fir 235A— ‘•Hombardlnfif” the metal 
parts of a vacuum tube during 
evacuation The air being pumped 
out of bulb C through gla.ss mein 
A B I.s the “bombarder” coil 
which nashe.s the “getrer” at D 
E Ifl the “bombarder” coil which 
heats up all the metal parts to 
release the air trapped In the 
pores of Che metal and glass 
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with the freed gases. Upon removal of the high-frequency coil, the vaporized ‘‘getter” 
condenses on the comparatively cool inner walls of the tube where it forms the fami- 
liar silver or reddish film so noticeable in vacuum tubes. 


Several materials are suitable for use as getters. Among the more common are: 
magnesium, (same as ordinary fiashlight powder), barium, aluminum, Misch-metal (a 
mixture composed of several rare metals of the cerium-group), calcium and cerium. 
Magnesium and barium are perhaps the two most widely used getters. A tiny metal cup 
containing the getter is usually mounted in an inverted position, usually below and to 
the side of the plate, so the getter is not thrown against the metal elements in the 
tube when it vaporizes. All of the operations of sealing the flare to the bulb, eva- 
cuating, bombarding, flashing and sealing-off are performed automatically by modern 
machinery. A number of tubes are mounted on a large circular turntable, which ro- 
tates slowly. Each tube comes around in succession to the devices which automatically 
perform the various operations described above. is due to automatic machinery of 
this type that the cost of manufacture of vacuum tubes has been decreased so markedly 
during the past few years. 

After the tube has been sealed off, it is cemented to the Bakelite base and the 
lead-in wires are solderd to the tube prongs. These are made of hollow brass tubing, 
plated to prevent further corrosion. The tube is then tested and aged by operating it 
at definite filament voltages for certain lengths of time until the filament emission 
becomes stable and constant. A rough test for gas content is made by bringing a high- 
frequency spark coil up near to the glass bulb. If the tube contains an excess of gas, 
it will be ionized by the rapidly alternating field of the coil and the characteristic blue 
glow due to this ionization will be produced. 


The actual measurement in finished vacuum tubes consists in measuring the ‘‘in- 
verse” current that flows in the grid circuit under some standard condition of operation 
of the radio tube. By “inverse” current is meant a current which flows in the grid 
circuit when the grid is negative with respect to the filament, that is, a current which 
flows in the sense of grid to filament in the exterior circuit. It can be demonstrated 
that this current originates from the ionization of the gas tube, and is therefore largely 
proportional to the gas content of the tube. 

In the common types of radio tubes, the magnitude of the grid current is I^om a 
few hundredths of a microampere to several rnicroamperes, depending on the excellence 
of the vacuum in the tube and the test conditions chosen. Currents of this size repre- 
sent about the lower limit of sensitivity of the very best portable electrical ineasuring 
instruments that can conveniently be used in factories and factory laboratories. 


Every possible effort is made to not only produce as perfect a vacuum as pOMible 
in modern vacuum tubes, but by means of the heating of the metal parts and the “Ash- 
ing of the “getter”, to eliminate even the small bubbles of gas and water vapor absorbed 
in the microscopic pores of the metal and glass parts. The exhausting apparatus con- 
sists of mercury vapor pumps in series with ordinary rotary or reciprocating pumps. 
Gas pressure is usually measured by the height of the column of mercury it will support. 
A micron of pressure is equal to that exerted by 1/1000 of a millimeter of mercury. 
The average new' vacuum tube has a vacuum of 2 or 3 microns, a micron being one- 
niillionth of the usual atmospheric pressure of 15 pounds per sq. in. An incandescent 
lamp has a vacuum of 150 microns. Special long-life tubes are being made with a 
vaqqum of less than 1 micron. 


A “soft” or low-vacuum tube cannot withstand the high voltage'^ necessyy for 
amplification, although it may be used at low voltages as a detector. The life of a 
tube is largely dependent upon the degree of vacuum existing in it, varying from 100 
hours for^ poor vacuum to several thousand hours for a good vacuum. 


The structure of vacuum tubes calls for the use of various metals, and 
other materials. An idea of the many materials entering into the actual 
construction and manufacturing processes connected with the manufacture 
of various type*> of vacuum tubes, may be obtained from the following list 
which is published here by the courtesy of the R. C. A. Radiotron Co. 
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GLASS BULBS AND PARTS SUPPORTS 


•liver oxide 
Lead acetate 
Qlycerine 
Silica 

Sodium carbonate 

Calcium oxide 

Sodium nitrate 

Lead oxide 

Borax 

Zinc oxide 

Cobalt oxide 

Potaaeium carbonate 

Calcium aluminum florlde 

Araenic trioxide 


BASES 


laolantite 

Bakelite 

Porcelain 

Wood fiber 

Zinc 

Copper 

Nickel 

Tin 

Marble flour 
Ethyl alcohol 
Nigroaine 
Zinc Chloride 
Malachite green 
Ammonium chloride 
Petroleum Jelly 


QIaaa 

Mica 

Lava 

Magneaia 

Nickel 


Molybdenum 

Monel 

Alumina 


LEADS 


Iron 

Nickel 

Copper 

Zinc 

Borax 


GETTERS 


Magnesium 

Calcium 

Strontium 

Barium 

Caesium 

Phosphorus 

Carbon 

Mercury 

Mischmetal 


ELECTRON EMITTERS 
(filaments and cathodes) 

Tungsten 

Thorium nitrate 

Carbon 

Nickel 

Platinum 

Iridium 

Cobalt 

Iron 

Titanium 

Silicon 

Barium carbonate 
Strontium carbonate 
Calcium carbonate 
Barium nitrate 
Strontium nitrate 
Silica 
Alumina 
Magnesia 

PLATES 


Nickel 

Monel 

Molybdenum 

Iron 

GRIDS 


Nickel 

Monel 

Copper 

Molybdenum 

Chromium 


GASES USED IN MANUFACTURE 


Hydrogen 

Helium 

Neon 

Argon * 

Nitrogen 

Oxygen 

Natural Gas 

Copper and iron find their way into the manufacture of tubes in the form of stem 
leads. A special heavy iron wire is wrapped with copper and drawn down through dies 
until their combined diameter is the proper <iize desired. Thus a small iron wire with a 
thin shell of copper is formed, known as “copper-clad.*' Copper-clad possesses prac- 
tically the same expansion and contraction as jzrlass and can be fused into firlass without 
fear of cracks due to unequal expansion, hence the tube will not lose its vacuum be- 
cause of cracks which mig^ht otherwise be formed. 

327. Effect of gas in a vacuum tube: The foreRoinR explanations 
of the actions taking place in the vacuum tube were based on the supposi- 
tion that a very perfect vacuum existed in the tube. Under these condi- 
tions, the tube operates entirely by the normal unimpeded electron stream 
between the filament and plate. If the space in the tube contains more 
than the slightest trace of gas, and the plate voltage is high, the operation 
is somewhat more complicated, and a larger plate current will usually 
flow for a given plate voltage, provided ionization takes place. 

The actual rate of emission from the filament i.s not affected, but the liberated 
electrons on their way to the plate collide with the atoms of the teas, causing “ionization 
by collision". On account of this action, larger plate currents will usually flow with a 
given plate voltage in tubes having a poor vacuum. Air of course is a gas. Present 
day vacuum tubes are made with a high degree of vaeuum so that no ionization takes 
place. 

Ionization in a tube might at first seem desirable, since its effect is to increase 
the plate current. Actually, however, it is undesirable since it interferes with the 
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normal operation of the tube. Also, since the ions which are driven violently agrainst 
the negratively charged filament are much more massive than electrons, the bombard- 
ment actually seems to tear away the surface of the filament, disintegrating it and 
reducing its useful life. Ionization in a tube is usually accompanied by a visible blue 
glow discharge, although a blue glow in a tube may be produced by other actions which 
are not harmful. The tube usually becomes very erratic in behavior when in this con- 
dition. It is not sensitive in a receiver, since the plate current becomes so large due 
to the ionization that it is practically unaffected by variation of the grid voltage. Some 
of the old gas-filled detector tubes could be made to ionize strongly at plate voltages 
as low as 100 volts. Tubes containing some gas are called soft or gassy tubes. They 
were very popular one time for use as detectors. Tubes having a very high degree of 
vacuum are called “hard” tubes. They make the best amplifiers. 

Practically all tubes used in modern radio receivers are high-vacuum or “hard”* 
tobes. Tube manufacturers employ elaborate machinery and manufacturing operations 
in a special effort to remove every last trace of air from the inside of the tube during 
the course of manufacture. The scientific “de-gassif ying” processes applied to remove 
even the slight amount of air entrapped in the pores of the metal elements and inside 
surface of the glass tube are well known examples of this. This is partly due to the 
effort to produce tubes having longer filament life, and to the practical problem of pro- 
ducing tubes for operation at high plate voltages. These high plate voltages (such as 
exist in the 245, 210 and 260 type tubes) cause ioni:;ation effects which would be absent 
in tubes designed for lower plate voltages, for a given amount of air or gas present. 
Comrnercial forms of “gassy” tubes are apt to be rather non-uniform on account of the 
practical difficulties involved in manufacturing tubes of this type on a large scale by 
quantity production methods, and turning out a high percentage of perfect tubes whiclv 
are all exact duplicates of each other, each having the same number of molecules of gas. 

REVIEW QUESTIONS 

1. Why are many different types of vacuum tubes manufactured? 
Would it not be better to have a single standard type of tube? 

2. What is the purpose of the filament in (a) the direct-heater 

* type of tube; (b) the indirect-heater type of tube? 

3. Describe the two types of filaments used in the former types of 
tubes, and explain the advantages of each. Which one is used 
most? 

4. What causes a decrease of electron emission in the thoriated 
tungsten filament and how can such a filament be reactivated? 
Is this possible with an oxide-coated filament? 

5. What materials are used for (a) oxide-coated filaments; (b) 
oxide-coated cathodes? 

6. How should a tube be tested for “emission”? 

7. Explain two causes of the hum produced if an ordinary thin fila- 
ment such as is used in the '201-A type of tube, is heated with 
alternating current. 

8. What special construction features do the filaments of direct- 
heater type tubes suitable for a-c filament heating have? 

9. How is hum-free operation obtained in the separate-heater 
type of tube? Draw a sketch showing the construction and re- 
lative location of the elements of a 3-electrode tube of this type. 
Mark on it, the complete filament and plate circuits. 

10. What is the purpose of the center-tapped resistor, or center 
tapped filament transformer winding, used when a-c filament 
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operation is employed? State which method is best, — with your 
reasons. Where should the C-T resistor be placed in the set? 

11. State several advantages of separate-heater type tubes over the 
226 type tubes, for a-c filament operation. Why may direct- 
heater type tubes be employed in the last audio stage of a re- 
ceiver, without resulting in objectionable hum? 

12. What supplies the low a-c filament voltages required for a-c 
tubes? 

13. What happens to a tube when the oxide-coating on the cathode 
has all been used up? What must be done when a tube reaches 
this condition? 

14. Draw a simple circuit diagram showing a filament heating trans- 
former supplying a-c current to the filaments of five separate- 
heater type tubes if (a) the filaments are connected in parallel, 
(b) if the filaments are connected in series. What are the ad- 
vantages of each arrangement? 

16. Why must the filament circuit connecting wires in a-c operated 
receivers be run close together or twisted? 

16. The filaments of four type 235 tubes, two type 227 and two 
type 247 tubes in a radio receiver are all connected in parallel. 
Assuming that each filament is rated at 2.5 volts and 1.75 amp- 
eres, calculate the total current and voltage which the low-voltage 
filament winding of the transformer must supply to the tubes. 
What is the total wattage supplied to all the filaments? If the 
efficiency of the transformer is 80 per cent, how many watts are 
taken by its primary from the 110 volt a-c line? 

17. Draw a sketch showing the capacitances which exist between the 
various elements in a 3-electrode vacuum tube, marking each 
one with its proper name. 

18. Explain (with sketches) how feedback can take place from the 
plate circuit to the grid circuit of an r-f amplifier stage, due 
to large grid-to-plate capacitance in the tube. Why is oscillation 
in an r-f amplifier objectionable? 

10. Explain (with sketches) the construction of the 4-electrode 
.screen-grid tube and show how this construction greatly reduces 
the grid-plate capacitance of the tube. 

20. What is the approximate capacitance between the plate and grid 
in a 227 type tube, and to what value has it been reduced in the 
224 screen-grid type? 

21. Explain (with sketches) (a) the cause of space-charge in a 
tube; (b) why it is objectionable; (c) how the arrangement of 
the elements in a space-charge grid tube greatly reduce it. Why 
is the space-charge grid form of tube not u.sed for radio-fre- 
quency amplification? 

22. What is a variable-mu tube? Explain the special feature of its 
construction (with sketches) which is responsible for its par- 
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ticular characteristics. Also explain what happens as the poten- 
tial of the grid is made more and more negative. In what part 
of a radio receiver is this type of tube used especially. Why? 

23. What is the difference between the purpose of an ordinary amp- 
lifier tube and the purpose of a “power tube”? What is meant 
by the “power sensitivity” of a power tube ? 

24. Explain (with sketches) the construction and arrangements of 
the elements (a) in the power pentode tube, (b) in the screen- 
grid pentode tube. What causes secondary emission in a tube; 
what harmful effects does it have on the operation of the tube; 
and how is it prevented in the pentode? 

26. What are the advantages of the power pentode over the ordinary 
3-electrode forms of power tubes? What important disadvan- 
tage does the screen-grid pentode have, that reduces its desir- 
ability as an r-f amplifier tube? 

26. Draw simple sketches showing the relative location of the elec- 
trodes in the following types of tubes: (a) 3-electrode; (b) 
screen-grid; (c) variable-mu; (d) space-charge grid tube; (e) 
power pentode; (f) screen-grid pentode. Assume separate- 
heater construction in each case and mark the names of the 
elements on each sketch. Now starting with the 3-electrode 
tube, point out briefly the difference in the construction between 
each type and the particular special characteristics which this 
results in. 

, 27. Draw a practical circuit for obtaining proper grid bias for two 
227 type tubes operated as r-f amplifiers in a broadcast receiver, 
with a plate voltage of 180 volts. From the grid-bias voltage 
and plate current values given in the table of Fig. 214, calculate 
the value of the grid-bias resistor required to obtain correct grid 
bias voltage. What size of by-pass condenser would you em- 
ploy across the resistor? 

28. Repeat question 27, using three 224 type tubes operated with 
a plate voltage of 180 volts and a screen voltage of 75 volts. 
Explain in detail, how the grid-bias voltage is obtained in each 
case. 

29. What value of resistor would be used in each case if only a single 
tube were used? 

30. What are the grid and plate in a vacuum tube usually made of? 
Why? 

31. Explain briefly the process of manufacture of a vacuum tute, 
including in yuur discussion the reason for the use of the “bom- 
barder”, and the “getter”. 

32. Why is it so necessary to eliminate every possible trace of air 
fi-om a tube, even to the extent of liberating the tiny air bubbles 
which are entrapped in the pores of the metal parts and glass 
bulb? 
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VACUUM TUBE DETECTOR AND AMPLIFIER ACTION 

THE VACUUM TUBE DETECTOR — GRID BIAS DETECTOR — GRID LEAK AND 
CONDENSER DETECTION — SQUARE LAW AND LINEAR DETECTORS — POWER 
DETECTION — GRID LEAK AND CONDENSER POWER DETECTION — GRID BIAS 
POWER DETECTION — TWO-ELECTRODE LINEAR POWER DETECTOR — COMPARI- 
SONS OF DETECTOR ARRANGEMENTS — VACUUM TUBE AMPLIFIER ACTION — 
MAXIMUM VOLTAGE AMPLIFICATION — CONDITIONS FOR UNDISTORTED AM- 
PLIFICATION — DISTORTION DUE TO INCORRECT GRID BIAS — DISTORTION DUB 
TO OVERLOADING — DISTORTION DUE TO CURVED CHARACTERISTIC — RESULTS 
OP TUBE DISTORTION — TESTING FOR DISTORTION — REVIEW QUESTIONS. 

328. The vacuum tube detector: In Chapter 16, the manner in 
which electromagrnetic radiations from radio transmitting stations are 
intercepted by the receiving antenna and the way in which the principle of 
electrical resonance (tuning) may be employed to allow only the signals 
of that station which it is desired to receive, to pass through the receiver 
was explained. The necessity for some form of detector arrangement 
which not only changes the alternating high-frequency signal voltages into 
pulsating direct current, but also makes the earphones or loudspeaker re- 
sponsive only to the successive maximum values or envelope of the rectified 
r-f current was also explained. We found that this could be accomplished 
by means of the simple crystal rectifier or detector with a small condenser 
connected across the speaker, but that crystal detectors are no longer used 
to any extent in radio receivers because of several objectionable features 
which they have. The reader should review Articles 262 and 264 
briefly at this point. The function of the so-called “detector" in radio 
receivers is really that of demodulation. We learned that in the trans- 
mitting station, the audio-frequency voice-currents are made to modulate 
the strength of the successive cycles of the high-frequency carrier current 
as shown at D of Fig. 171 and in Fig. 172-A. The function of the detector 
in the receiving circuit is just the reverse of this. It must "de-modulate" 
or separate the radio-frequency current cycles from the audio or voice 
frequency variations as shown in Fig. 186. The term "de-modulation” is 
really more descriptive of the real action of this device than “detector” is. 
We shall often refer to it as such in our work. It should always be remem- 
bered that the detector does much more than merely rectify the a-c signal 
impulses to d-c plate current. It must also remove the r-f variations in 
the plate current. In this, it is assisted by the plate circuit capacitance, as 
we shall see. The vacuum tube can be made to act as a detector or demodu- 
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lator by connecting it in either of two ways. One is by keeping the grid 
excessively negative by a grid-bias voltage, so the tube operates at the 
lower bend of its characteristic curve. This is known by the various 
immes of C-bias detection, grid-buis detection and plate-current rectifica- 
tion. The other is by means of a grid condenser and resistor connected in 
the grid circuit. This is called grid leak and condenser detection, or grid 
circuit rectification. The former method is used most in our present day 
powerful receivers and will be explained first. 

329* Grid bias detector: During our study of the characteristic 
curves of vacuum tubes, we found that two bends occur in the usual Eg - Ip 
curve, one at the bottom and one at the top as shown at (D) in Fig. 236. 
The lower bend E, occurs at some negative grid potential value and the up- 
per bend F, occurs at some positive grid potential value. If the proper 
value of negative grid bias voltage is applied to the tube by means of a 
C battery in the case of a battery-operated tube as shown at (A), or by a 
grid-bias resistor in the case of a separate-heater type a-c tube as shown 
at (B) for a 3-electrode tube and at (C) for a screen-grid tube, the tube 
may be made to operate at the bend of the curve. This is the condition 
under which grid-bias detection can be accomplished. A detailed explana- 
tion of the action which takes place follows : 

us suppose that a negative grid bias potential has been applied to the grid 
circuit, so that in the absence of a radio signal voltage, the grid assumes a steady 
voltage which is the same as the potential of the grid-return lead. The grid-return lead 
is the wire which completes the circuit from the lower end of the tuned circuit back 
to the negative terminal of the C-bias voltage source, see (B). This actual grid voltage 
is the operating grid potential, and gives the point E on the £c - Ip characteristic of 
(D) of Fig. 236 at which the detector tube operates. Under this condition a steady 
plate current Ip flows, whose value is represented by the height of point E above the 
zero plate current axis. 

When a radio-frequency signal voltage such as is developed across the tuning coil 
and condenser LC at (A) is applied to the detector grid, this voltage is superimposed 
upon the steady operating grid potential, making the actual grid potential alternately 
more and less than the operating grid potential. This is illustrated at (D) where the 
curve representing the signal voltage applied to the grid is drawn vertically below, 
about the normal operating grid potential as an axis. This voltage curve starting at 1, 
increases to 2 in the negative direction, then back to zero at 3, then to 4 in the positive 
direction, and so on for a number of cycles. The “plate current" curve shows the cor- 
responding changes produced in the plate current, decreasing from 1 to 2, increasing 
from 2 to 4, etc. For any point on the signal voltage curve, there is a corresponding 
point marked with a similar number in the plate current curve. Take any point on the 
signal voltage curve, such as point 2. Draw a line up from 2 to the characteristic 
curve as shown by the dotted line in the figure. From the point of intersection, draw a 
horizontal dotted line to the right. This determines corresponding point 2 on the plate 
current curve. By repeating this construction for a number of points, the plate cur- 
rent curve is determined, the horizontal scale of this curve being the same as that for 
the grid voltage curve. 

Let us examine the pla^e current curve to see what has happened. First, we see 
that for each cycle of the a-c signal voltage the plate current decreases a small amount, 
as from 1 to 2 to 3, but also increases a larger amount from 3 to 4 and back. That is, 
due to the bend in the E. - L curve, the plate current changes produced by equal half 
cycles of the signal voltage in opposite directions, are not equal. Therefore, the plate 
current variations are not symmetrical. It is evident that the sharper the bend oi the 
E, - Ip curve is, and the nearer the operating grid potential is set to the value corres- 
ponding to the exact bend, the more perfect will be the cut-off of the plate current 
changes caused by the negative half cycles of the signal voltage, that is, the more 
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perfect the rectification. It will also be noticed that the plate current Variations aa 
represented by the portion of the plate current curve above the dotted line is prac- 
tically a duplicate as remrds wave-form, of the signal voltage variations. Further- 
more the changes in grid voltage due to the signal have been amplified by the tube. 
This is one important advantage of the vacuum tube detector over the crystal detector 
since the former not only performs the process of demodulation, but also amplifies the 
signal voltage changes, whereas the latter acts merely as a rectifier and produces no 
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amplification. This makes the vacuum tube detector the most sensitive type we have 
today. 


For convenience in the following discussion, the curve showing the signal voltage 
venations has been drawn separately at (E) and that showing the correspondiS 
plate current variations has been drawn directly below it at (F) It mav be seen 
because the up and down variations in plate current are not symmetrica" 
about the normal operating: value, the averagre plate current over any one cycle is not 
some definite variable value somewhat as represented by the dotted line 
•t ). Therefore if this current were sent through the windings of the earphones or 

a loud speaker, we would expect its diaphragm to vibrate in accordance with 

?ondensp/r“*f however, the plate circuit is shunted by a 

® »ct as a filter to 

high-frequency variations in the plate current to a considerable extent, 
making the mean plate current value much higher and eliminating the radio-frequency 
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variations in the plate current. This is desirable when the detector is followed by an 
audio-frequency amplifier and especially so, when the audio amplifier is of the “resis- 
tance coupled*’ type as we shall see later. 

The action of this plate circuit capacitance is very important in the operation of 
the detector. It can be seen that each time the grid potential swings still more 
negative^ very little plate current flows, but on each positive half cycle of the applied 
signal voltage, a small increase in plate current takes place during the very small frac- 
tion of a second that the signal voltage has swung in the positive direction. By storing 
up current in the plate circuit condenser during these rapid pulses of plate current, and 
releasing it during the depressions, the variations are smoothed out by its filter action 
and the current actually flowing through to whatever device is connected in the plate 
circuit of the detector tube more nearly represents the gradual increase and decrease 
of the carrier wave which has been caused by the program transmitted. The plate 
circuit capacitance is really necessary as a high-frequency current storehouse to store 
electrons during the peaks of the plate current pulses and deliver them to the plate 
circuit during the depressions. 

Care must be taken to see that condenser Cp which acts as a little storage reser- 
voir, is of large enough capacitance to effectively store the tiny currents but not so 
large that it does not charge and discharge rapidly enough to keep in step with the 
r-f variations. If the condenser ife of too large a capacitance it will charge and dis- 
charge too sluggishly and will affect the audio-frequency variations of the plate cur- 
rent and reduce the high audio notes. In order to assist the action* of this condenser, 
a radio-frequency choke coil (of about 85 millihenries when a .0001 mf. condenser is 
used) is usually connected in the plate circuit as shown at (A), (B), and (C), the 
inductive action of this choke tending to oppose the high frequency changes in plate 
current. A choke and condenser used for this purpose are shown at the right of Fig. 
124. They really form a low-pass filter as explained there. In most practical detector 
circuits, enough capacitance exists between the plate and cathode of the tube and 
between the plate and grid circuit of whatever device is connected in the plate circuit, 
to enable this action to take place even if no additional r-f choke coil and condenser 
are connected in the detector plate circuit, but the action is usually improved by the 
use of these extra parts. In many modern receivers, two condensers are connected 
across the r-f plate choke to form a more efficient low pass “pi” type filter as shown 
at (C) of Fig. 123. 

It is evident then that the plate current actually flowing through whatever device 
is connected in the plate circuit of the detector is a pulsating direct current which 
varies in value in accordance with the audio frequency variations of the signal voltage 
impressed on the grid, as shown at (G). The plate filter blocks out all radio-fre- 
quency variations in the plate current. If this current were sent through the winding 
of a pair of earphones or loud-speaker, the diaphragm would move in accordance with 
the wave-form of (G) if the signal having the wave-form of (E) were impressed on 
the tube. 

Hence, by operating the tube at the lower bend, the effect of every cycle of the signal 
voltage is to produce a certain increase and a much smaller decrease in the plate current, 
as shown by the plate current curve at (D). It is evident that the operation of the tube 
about the point F on the upper bend of the curve by putting a positive voltage or bias 
on the grid, would be similar to that on the lower bend, with the exception that at every 
cycle the incoming signal would produce a large decrease and small increase of plate 
current. However, the operation around the lower bend is preferable in practice and 
is used most, since the steady plate current Ip flowing in the plate circuit at all times' 
is much smaller than in the case of the upper bend, so the current drawn from the 
“B” batteries (or other “B” power supply unit) is not so great, therefore saturation 
of the core due to this plate current flowing through the primary winding of the audio 
transformer which may fol! >w is not so liable to happen. Another reason for not using 
the upper bend of the curve is that when the grid is made positive, considerable current 
may flow in the grid circuit. This is objectionable as we shall see in Art. 340. Also, 
with separate-heater type tubes, it is much easier to obtain a negative grid bias by 
means of the ordinary grid-bias resistor connection shown. 

In the grid bias detection just described, it is evident that if there were no 
capacitance or inductance, in the plate circuit, the plate current would be a direct 
current varying in strength at radio frequency, that is. the same frequency as the 
applied signal voltage. If we consider detection to mean “demodulation” of the signal. 
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ttien is it evident that the tube itself really serves to amplify the signal only, the 
process of detection or demodulation taking place in the plate circuit by the action of 
the external plate circuit capacitance and inductance as explained. Therefore it is 
often called “plate rectification’*. While a detector tube does amplify the r-f signal 
somewhat, this r>f amplification may be rather small under conditions where the 
radio-frequency resistance of the plate circuit load is insufficient (see Art. 337). 

Since the grid bias detector action depends upon placing the operating 
point of the tube at the bend of the - I,, characteristic curve, it is neces- 
sary to make whatever adjustments are necessary to satisfy this condition. 
There are three ways in which the operating point may be moved up and 
down the plate current-grid voltage curve until the most pronounced bend, 
and most satisfactory detection condition are found. These are ; first, by 
changing the grid bias; second by changing the plate voltage; and third, 
by changing the filament temperature. Since the latter is usually kept 
constant during the operation of a tube, the problem resolves itself into 
employing the proper grid bias voltage for whatever plate voltage is to be 
employed. Different types of tubes have different requirements in this 
respect. The exact values of grid bias to employ will be considered later, 
when discussing power detection. 

330. Grid leak and condenser detection: In the grid leak and 
condenser method of detection, the demodulation of the signal takes place 
in the grid circuit of the tube. It is therefore called grid circuit rectifica- 
tion. The most common form of this circuit uses a grid leak consisting 
of a non-inductive high resistor of several million ohms, and a grid conden- 
ser usually of the mica dielectric type, connected in the grid circuit either 
as at (A) or (B) in Fig. 237, At (C) the equivalent connection for a sep- 
arate-heater type of tube is shown. This circuit was for many years prac- 
tically the only one in use — and it is still not altogether out of date. Some 
broadcast receivers still use it and most short-wave sets use it, but in the 
broadcast field it is being gradually replaced by the plate circuit detector. 

There are several ways of explaining the action of this type of de- 
tector, all of them being rather complicated. In one, the action is con- 
sidered on the basis of the grid current which flows. In the other one, 
the potentials on the grid are mainly considered. We shall explain it by 
the latter method. Let us first forget about the grid leak resistor Rg and 
see what happens in the circuit due to the flow of electrons in the various 
parts. 

With this circuit, when no .signal is being received, a steady plate current Ip flows 
from the plate to the cathode and back through the circuit, depending on the voltage 
of the plate and the temperature of the filament. If the grid return is to the positive 
side of the filament, the normal grid potential is at E, (usually .slighty positive). 

When a signal is received by the antenna, an alternating e.m.f. is set up across the 
coil and the plates of the tuning condenser C. 

Let us refer to (A) of Fig. 237. During one half of each cycle, the signal e.m.f. 
caoses electrons to flow out of plates 6 of the tuning condenser, around to 3 and 4 of 
the tuning coil and into plates 6 and the filament. Plate 2 of the grid condenser is 
positive i^ause it has lost some of its electrons since during this half cycle the signal 
s.mX has made terminals 2, 6 and 3 positive. A part of the stream of electrons being 
emitted from the filament or cathode strike the grid. These electrons immediately 
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rush from the grid to condenser plate_ 1. The insulation (dielectric) of the grid con- 
denser prevents the electrons that go into plate 1 from crossing over to plate 2. 

During the next half cycle, the signal e.m.f. in L is reversed, electrons therefore, 
rush from 6 to 4, to 3, and into 5 and 2 , but the electrons that have already collected 
on the grid, and condenser plate 1 during the first half of the cycle cannot go any- 
where, that is, they are trapped on the insulated part of the circuit comprising the 
grid and the one plate of the grid condenser. The stream of negative electrons coming 
over from the filament on their way to the plate repels them, since they are also nega- 



PlS 237 — Various possible circuit connec- 
tions for a grid-leak type detector. 
Right: action of the grid leak type de- 
tector, showing how the r-f variations 
are removed and only the a-f variations 
remain The grid potential becomes 
more and more negative for each pul- 
sation in a wave-train of applied sig- 
nal voltage This caii.se.s a decrease In 
the plate current as shown at (G) 



tive, and pushes them back. There is left then, a slight excess of negative electrons 
or negative charge on the grid and plate 1 at the end of the first cycle. During tho 
next cycle of the signal voL ige the same thing is repeated and there is left a slightly 
greater excess of electrons on plate 1 and the grid. As the number of electrons ac- 
cumulating on the grid and plate 1 increases during each cycle, the mean potential of 
the grid becomes more and more negative, and the plate current is therefore becom- 
ing smaller and smaller. This would go on for a number of cycles of the signal voltage 
until so many electrons have collected on plate 1 that their charge would react on the 
grid ancT prevent any more electrons entering the grid from the filament. The tube 
then becomes blocked and no further action can take place on the grid until some 
means is provided for the excess of electrons to escape from plate 1 of the grid con- 
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denser. We do not want the tube to block in this way, but want the negative charge 
on the grid to be cumulative only during the number of r-f cycles which constitute a 
positive (or a negative) half of the audio cycle, and then we want the grid to be free to 
build up a new potential corresponding to the next half of the audio cycle, and so on. 
Then we will have accumulated grid voltages varying according to the audio-fre- 
quency, and the plate current will vary similarly. Moreover, the amplification factor 
of the tube will be employed and we will obtain both demodulation and amplification. 

This IS accomplished by connecting a very high resistance (in the neighborhood of 
a million ohms) either across the grid condenser as at (A), or between the grid term- 
inal of the tube and the filament as at (B), or the cathode as at (C). The action is 
exactly the same for either of the connections. Since the resistance is high, the elec- 
trons flow through it at a rather slow rate because the resistance opposes their motion. 
This high resistance is called the grid leak because it provides a path for the trapped 
electrons to “leak” through it from the grid to the filament or cathode. The leak 
should have just enough resistance in combination with the grid condenser capacitance 
used, to allow- the excess of electrons to leak oflf before the next signal impulse comes 
in. The entire action just described takes place very rapidly during the time it takes 
for one wave train of the signal to come in. A wave train comprises all the r-f varia- 
tions in signal voltage taking place curing the time one cycle of the audio or voice 
current modulation takes place. This is illustrated at (E). For instance, for a station 
broadcasting w-ith a carrier frequency of say, 1,000,000 cycles per second (300 meter 
wavelength), there would be 1,000,000 divided by 2,000, or 500 r-f cycles for each 
single cycle (lasting 1/2000 of a second) of an audio note of 2,000 cycles being trans- 
mitted. That is, in a single wave train represented in (D) and (E), there would ac- 
tually be 500 r-f oscillations occurring during the short period of 1/2000 of a sec- 
ond. It is really impossible to picture such rapid action in our minds. 

Now let us see what has happened to the plate current during this time. We 
have seen that for each cycle of the signal e.rn.f. coming in, the grid grows more and 
more negative due to the accumulation of the trapped elections on it. The more 
negative the grid becomes, the more it reduces the plate current. Throughout a 
series of r-f signal voltage cycles then, the average plate current grows less ano 
less as shown by the plate current curve at (D). Also, the grid potential, instead of 
varying exactly in accordance with the applied signal voltage variations as it does 
when a grid condenser is not used (see (D) of Fig. 236), now goes up to a in the posi- 
tive direction, then down to b, then up to c, and so on. During each cycle, the average 
grid potential decreases. The result is that the plate current, instead of varying up 
and down symmetrically, grow less and less with each cycle of a wave tram and follows 
along a dipping current curve as shown at (D) and (G), having little ripples in it for 
each r-f cycle of the incoming signal. It is evident that since the plate current ha.s these 
little r-f ripples or variations in it as shown at (G), the use of the low-pass filter sys- 
tem consisting of the condenser Cp alone, or this condenser with the r-f choke coil in 
series with the plate as shown at (A), will smooth out these ripples in the same way 
as described in the discu.ssion of the grid bias detector. The plate current will then 
vary as shown at (H) for the signal voltage wave shown at (E), the r-f ripples having 
been removed by the plate circuit condenser Cp. The diaphragm of the earphones or 
loud speaker through which this current flows will also move back and forth in accord- 
ance with this, and the wave form of the sound it produces will be the same. 

For the action just de.scribed to take place, it is necessary that the grid be positive 
at least during a part of each cycle as signals come in, in order to attract some of 
the electrons emitted from the filament. The grid may however be connected to the 
negative end of the filament (or to the cathode in a separate heater type tube). It 
will then have the same potential as the filament or cathode, and its voltage will be- 
come momentarily positive during part of each wave train as signals come in. 

It is evident that in the grid leak and condenser method of detection, the demodula- 
tion process takes place in the grid circuit. Consequently thi.s is usually called grid 
^rcuit rectification. In this system, the radio-frequency signal voltage applied to the 
input is really changed to audio-frequency variations in grid potential, and the audio- 
frequency variations are amplified in the plate circuit. Because of this amplification, 
this type of detector is more sensitive than the grid bias type. The grid condenser 
and grid leak resistance must be so proportioned that the electrons causing the grid 
charge cannot leak off through the leak path to any appreciable extent in the ex- 
tremely short time between any two cycles of the incoming r-f signal voltage; but so the 
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electrons do leak off during the time over which one wave train is being received. 
A “wave train” may include from several hundred to a thousand or more cycles of the 
r-f signal voltage. The grid leak connection shown at (B) and (C) is especially advan- 
tageous in present-day single control receivers as we shall see later. High-grade grid 
leaks having permanent and accurate values of resistance should always be used. A grid 
leak whose resistance varies, will cause crackling and frying noises while receiving a 
program. The resistance element is usually enclosed in a glass tube with metal end- 
caps for connection and is designed to snap into metal clips furnished on the grid 
condensers. A typical grid condenser and grid leak resistor are shown in Fig. 238. 
The value of grid leak resistor used must have a low enough resistance to allow the 
accumulated negative charge on the grid to leak off during the interval between the 
wave trains. Its resistance must be high enough to prevent the charge from leaking 



Pig li.TR fjrid rondenaer with (lips into which the grid leak resistor at the right may bt- 

snapped. 


off the grid too rapidly, in which case there would be only a small change of plate 
current produced and the signal strength as heard in the phones would be reduced. 
For weak signals, such as are received during long-distance reception, a tube is much 
more sensitive if higher resistance grid leaks are used. In either case, if a grid leak 
having too high a resistance is used it will result in excessive accumulation of negative 
cha^e on the grid, blocking the action of the tube, or making the signals sound 
musny. This is usually accompanied by a characteristic “cluck-cluck-cluck” sound in 
the phones or loud-speakers as the charge leaks off at intervals through the insulation 
between the tube elements, tube prongs, etc. The values of grid leaks and condensers 
to u.se will be discussed in Article 333. 

331. Square law and linear detectors: Due to the fact that the 
amount of amplification which could be applied to the incoming r-f signal 
voltages by the r-f amplifiers in use several years ago was very small, the 
typical radio set of that time employed a grid leak-grid condenser type of 
detector that was intended to operate with a radio-frequency input voltage 
of 0.1 volt or less. These detectors operated with low plate voltages of 
from 45 to 90 volts. Operation was entirely along the curved portion of 
the plate current-grid voltage characteristic. Such detectors give non-uni- 
form response since in most cases the voltage appearing across the plate 
circuit load is proportional to the square of the input signal voltage. 
Therefore, doubling the signal voltage input produces 2 x 2 or 4 times the 
output, etc. Such detectors are called square law detectors because their 
output follows the “square" law. This would seem to be a big advantage, 
and from the standpoint of sensitivity in loud signals it is, but from the 
angle of tone quality it i. a disadvantage. 

When a detector follows a square law, it produces some second harmonic dis- 
tortion which is proportional to M/4, where M is the percentage modulation of the r-f 
signal. The distortion consists of production of the second harmonics (double fre- 
quencies ^ of the notes actually being transmitted, and also all the possible sum and 
difference frequencies. Thus if the transmitting station is simulteneously transmitting 
notes of 2,000 and 2,600 cycles, the output of the square law detector in addition to con- 
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taining these desired frequencies, will also contain the double frequency components 
of 4000 and 6000 cycles, and the sum and difference components of 4,600 and 600 cycles. 
When the signal is modulated 100 per cent, this distortion reaches a maximum of 26 
per cent. Under this extreme condition these distortion components would be 26 per- 
cent as large as the desired components, so that weak-signal detection of signals that 
have a high degree of modulation will not give satisfactory results from this point of 
view. The present tendency in broadcasting is to increase the modulation to 100 per 
cent, at least on the loud fortiatimo passages of music being broadcast, so as to utilise 
aa completely as possible, the output of the transmitter. Most of the larger stations 
are now using 100 per cent modulation. Grid leak detectors operating at low 
plate voltages, being square law detectors, will produce too much distortion of the 100 
per cent modulated signals received from these stations. 

This is one of the reasons why linear detection is being used more 
and more. A detector is linear when the audio frequency output voltage 
appearing across its plate circuit load is directly proportional to the r-f 
signal voltage input. Thus a signal input three times as great produces an 
output voltage three times as large etc. Such detectors are absolutely 
essential for distortionless detection. The ordinary power detector of 
either the grid leak or grid bias type has approximately such a character- 
istic and so gives substantially undistorted rectification. 

332. Power detection : A poicer defector is one that will not over- 
load when very large r-f input signal voltages are applied to its grid cir- 
cuit, and which will handle considerable electrical power in its output. 
Power detectors are usually operated with rather high voltages. Either 
a grid bias type or a grid leak and condenser type of detector may fulfill 
the conditions of power detection if they are operated properly. 

Receivers built during the early days of radio employed two or thnee 
stages of tuned radio-frequency amplification using the three electrode 
tubes of the 201-A, 226, or 227 type which were the only ones available 
at that time. It was impossible to secure much amplification per stage with 
these tubes, because of the difficulty of preventing oscillation due to feed- 
back in the tubes themselves, and other forms of feedback coupling. There- 
fore, the signal was not very strong when it reached the detector, and it 
was necessary to use at least 2 stages of audio-frequency amplification 
after the detector in order to make the signal strong enough to operate a 
loud speaker satisfactorily. Now that it is possible to build high-gain 
r-f amplifiers without oscillation troubles, thanks to the screen-grid tube, 
in modem receivers the signal voltage is first amplified greatly before it 
reaches the detector. It is not uncommon to u.se 5 and 6 high-gain am- 
plifier stages before the detector, both to obtain high gain and the neces- 
sary number of tuned circuits for satisfactory selectivity. Therefore the 
detector must handle quite large signal wltages without distortion, and 
in most cases feeds directly into a single power output audio stage and 
then to the loud speaker. It is in receivers of this kind that power de- 
tectors must be used, for the signal voltages are entirely too large to be 
handled by the old forms of detectors. In some cases, the loud speaker may 
even be operated directly from the output of the detector without employ- 
ing any audio amplification. Linear and power detectors are very cicely 
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related in practice, since they usually go together, although no detector 
has a perfectly straight-line characteristic. In the usual meaning of the 
term, “power detector” is used in connection with detection when the r-f 
signal voltage applied to the detector input is at least 1 volt or more. 

333. Grid leak and condenser power detection: According to the 
information obtained by Mr. F. E. Terman from several thousand tests 
on power detectors (the results of which were published in the Dec. 1930, 
I. R. E. Proceedings), power detectors of the grid leak and condenser type 
can be made to produce satisfactory detection under all conditions, provided 
the proper values of plate voltage, and grid leak and condenser are em- 
ployed. The proper values for suitable weak signal detection are different 
from those for strong signal detection. Some of this data is reviewed here. 

“When a radio-frequency signal of at least several volts amplitude is applied to a 
suitably adjusted grid-leak detector, the action taking place in the grid circuit is differ- 
ent from the action for voltages less than 1 volt. The rectified grid current charges 
the grid condenser negatively and causes the average grid potential to have a nega- 
tive value. This average value is always such that the positive crests of the signal 
make the grid go positive a small amount. Each time the grid goes positive, grid cur- 
rent flows, and makes up for the current that leaks off through the grid leak during each 
cycle. 

At times when the signal amplitude is decreasing in size, it is necessary that the 
grid leak allow the grid condenser charge to leak off at a rate that will cause the aver- 
age grid potential to reduce at least as fast as the signal amplitude is changing. This 
requirement calls for values of grid condenser capacity and leak resistance smaller 
than usually used. 

If high-quality output is to be obtained from the grid-leak power detector, it is 
necessary to have the proper grid leak and condenser combination. Suitable values for 
ai\y tube are, a grid leak of about hi megohm and a 0.0001-mfd. grid condenser. With 
these proportions the average grid potential will be able to change as fast as the signal 
amplitude, up to modulation frequencies of 5000 cycles. 

The overloading point of the grid-leak power detector is reached when plate recti- 
fication causes increase of plate current, while grid rectification causes decrease of plata 
current. Plate rectification thus neutralizes the grid action and causes distortion. 

As the maximum amplitude of a fully modulated wave is twice the carrier ampli- 
tude, a particular tube will handle half as big a carrier wave acting as a power de- 
tector as it can amplify, using the same plate voltage in both cases. Thus, a 201A-type 
tube with 90 volts on the plate usually uses a 4V^-volt C bias. The peak amplitude of 
carrier wave that can be handled at a plate voltage is one-half of this, or about 2^ 
peak volts. 

The maximum audio-frequency power output obtainable from the grid-leak power 
detector is slightly over one-fourth of the undistorted power the tube can give as aa 
amplifier at the same plate voltage and a suitable grid bias. Thus, the 210-type tube 
at 247 plate volts will put out 340 undistorted milliwatts as an amplifier, and will 
put out about 100 undistorted audio milliwatts as a power detector. 

The approximate audio-frequency output of a grid-leak power detector can be 
obtained by a simple computation. It is apparent that the average ipd voltage of 
the power detector follows the modulation of the signal. This variation in average 
grid potential applies an audio-frequency voltage to the grid of the detector tube, 
and it is this audio-frequency grid volUge when amplified by the tube acting aa an 
amplifier that constitutes the audio-frequency output of the detector. 

In the ideal detector, the audio-frequency voltage applied to the grid would be 
equal to the modulation voltage in the signal. If the degree of modulation is m, and 
the carrier amplitude is E., the ideal amount of modulation voltage is mE.. The actual 
power detector is only about 75 to 85 per cent perfect, and will apply to the grid an 
audio-frequency yoltage about 75 to 85 per cent of mE,. The percentage tends to rise 
slightly as the signal amplitude becomes large, but under ordinary conditions it is 
surprisingly nearly constant at this approximate range for all tubes. 
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In order to deliver power, the detector tube must operate with a high 
plate voltage. At the same time, the bias of the grid leak power detector 
is approximately zero except when the signal is coming in, and so the allow- 
able plate current sets a limit to the plate potential. Tubes such as the 
201 A, 112A, and 227 can operate as power detectors with 90 to 135 volts 
on the plate, and under such conditions will handle an r-f voltage of at 
least 2 volts on the detector grid without distortion. When a 227 or 224 



Pir 239 — Connections for '27 and '24 type tubes as grid leak-condenser type power detectors. 


type grid-leak condenser detector is to operate with small signal voltages 
(under 1 volt) applied to the grid, the grid condenser should be of .00025 
mf. capacitance and the grid leak should be of 1 megohm, with a plate 
voltage of 180 volts in each case, with the grid return to cathode. This is 
for broadcast band reception. When used in this manner with small in- 
put voltages, it will be necessary to have one stage of audio-frequency am- 
plification between the detector and the input to the power tube. This is 
because the detector output with weak signals is not sufficient to properly 
load up the power tube. By changing the proportion of the grid-leak 
and grid-condenser size it is possible to operate the power tube directly 
from the output of a suitable detector tube for strong signal voltages. 
Values of .0001 mfd. for the grid condenser and 250,000 ohms for the grid 
leak resistor with the grid return leak returned to a negative grid bias of 
about 1 volt should be used with the.se tubes. It will be noted that these 
proportions are different than those for weak signals. 

A means of avoiding the effect of high plate current when high plate 
voltages are employed in this method, is shown in Fig. 239 for both '27 
and '24 type tubes. With no signal, since the grid has no bias voltage, the 
plate current would be rather high. Therefore, the plate voltage is dropped 
through the resistor R so that the plate current is at a safe value. The 
incoming signal provides a negative bias, lowering the plate current. This 
cuts down the drop through R, and allows the full plate voltage to be 
effective. The '27 and '24 type tubes should be operated with the values 
shown, with the grid return directly to the grounded cathode. The effi- 
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ciency of rectification in either case is about 85%. The grid circuit puts 
a load resistance of about 150,000 ohms (with a 0.25 meg. leak) on the 
tuned circuit ahead of it. This is higher than with the old types of weak- 
signal grid leak detector. 

334. Grid bias power detection: In the grid bias type of power 
detectors commonly used, rather high plate voltages and negative grid 
bias voltages are employed. The amount of grid-bias voltage usually ap- 
plied in power detectors of this type is roughly about 10%. of the plate 
voltage value. 

The '24 type screen-grid tube may be used as a power detector in 
this way by applying a plate voltage of 180 volts or more. If the load re- 
sistance is half megohm or more, it is safe to apply as much as 250 volts 
from the B power supply device. As the plate impedance of the tube op- 
erated this way is high, the only way to place a sufficiently high load im- 
pedance in its circuit is to use a resistance of half megohm or greater, as 
shown at (A) of Fig. 240. 


When the load resistance and the plate voltage have been fixed, it is only a ques- 
tion of fixing the grid bias and the screen voltage. Both depend on the applied plate 
voltage and on the resistance in the plate circuit as well as on each other. If a poten- 
tionaeter of fairly high resistance, say 30,000 ohms, is connected from the screen-return 
to the “grounded” grid-return, and the cathode is connected to the slider, it is always 




Fir 240 (A) Grid bias power detector with '24 type a-c screen-grrid tube. 

(B) Grid bias power detector with *27 type a-c 3-electrode tube. 


possible to find^ the best combination for either best detection or best amplification. 
If this method is adopted, the combined potentiometer and screen terminal should be 
connected to B 4- 76 volts. If the potentiometer method is not used, it is best to give 
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the screen a voltage of about 45 volts and then adjust the grid bias until the detecting 
efficiency is the best. 

As far as detecting efficiency is concerned, the same may be obtained with a 
large number of combinations, even when the voltages are very low, say 45 volts on 
the plate with correspondingly lower voltages on the other elements. But for power 
detection, it is necessary to make them high as suggested above. A by-pass condenser of 
about 2 microfarads should be connected across that portion of the potentiometer which 
is in the grid circuit and one of about 1 mfd. acro-ss the other portion. If a by-pass 
condenser is connected across the load resistance, it should be very small because a 
small condenser is very effective across a resistance of half megohm. 

If a fixed grid bias resistor and fixed screen voltage are employed as 
shown at (A) a grid bias resistor of 20,000 to 30,000 ohms may be em- 
ployed. The screen-grid voltage may be obtained as shown, being actually 
about 45 volts positive. The *27 tube may be used as a power detector with 
quite satisfactory results if a special transformer is used to couple this 
tube to the powder tube. The a-c plate resistance is rather high, so it is 
necessary to use a special coupling unit. 

If desired, the *27 type power detector may be resistance coupled to 
the power tube as shown at (B) with less gain. The usual grid bias re- 
sistor for a *27 tube operated this way is 20,000 or 30,000 ohms at a plate, 
voltage of 180 volts. Some set manufacturers use as low as 12,000 ohms. 
The resistor should be by-passed with a condenser having a capacitance 
of at least 1 mf. as shown. 

The ’27 type tube may be operated as a very sensitive and efficient 
grid bias type power detector by connecting it as shown at (A) of Fig. 
241, With this arrangement, the ’27 type tube is almost as efficient as the 
*24 type screen-grid detector and is able to handle quite a large sig- 
nal-voltage input to its grid circuit without overloading. For instance, 
at an input signal voltage of 9 volts R.M.S., the output signal voltage 
across the 80 henry choke L is 40 volts R.M.S. at the values of plate voltage 
and grid bias shown, for a 30 modulated signal. The value of grid bias 
resistor shown, places the normal grid voltage at 10.9 volts negative. If 
a plate circuit “resistance load’’ is to be employed instead of the inductance 
L, the values should be as follows; plate voltage applied by B power 
8upply=:250 volts; grid bias resistor 20,000 ohms; plate circuit rt'sistor 
200,000 ohms. 

335. Multiplex linear power detector: A form of linear power 
detector in which a two element or “diode” connection of a ’27 type tube is 
employed is shown at (B) of Fig. 241. 

The “diode” detector consists of a 227 tube with its grid and plate connected to- 
gether to form in effect a single plate. .\s its function is merely that of a linear 
detector and it does not amplify since there is no grid, it is supplemented by the *27 
type tube marked “det-amp.**. In the “diode*' rectifier, the marked curvature, at low 
values of applied signal voltage, causes distortion unless the input level is maintained 
high enough to avoid excursions into the curved range. In other words, wo must 
maintain operation on the straight-line portion of the characteristic. 

The peculiar input circuit, common to all diode detectors and shown in this circuit, 
is made necessary by the high damping (or low input resistance) of the tube when 
operated in this fashion. The high damping factor, limiting the gain in the previous 
r-f stage, the low output efficiency (not to be confused with rectifying efficiency) 
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and other factors all contribute to the need for a high-gain a-f amplifier, as evidenced 
by the fact that three audio stages Usually follow the “diode” detector. 

Diodes have the advantage of a long-range of distortionless straight-line operation, 
as compared with a comparatively small curved portion of the characteristic. This 
advantage has led to their use in several commercial receivers. 

335 A. Comparisons of detector arrangements: A comparison of 
“power*' and “weak-signal" detection shows that the former is superior 
in that it introduces less distortion, is a more efficient rectifier, gives less 
disturbance with strong static impulses, and results in an increase in the 

'27 DIODE 27 DET- 



Figr 241 — (A) Connections for '27 type tube as a sensitive linear detector capable of hand- 
ling large signal volta.ges 

(B) Connections of "Multiplex” diode linear power detector. 

effective selectivity. The linear power detector is obviously here to stay, 
and the future will see it used more and more. It has even been sug- 
gested that some day the input to the loud speaker will be obtained by rec- 
tifying a very large radio-frequency signal of perhaps 100 volts, using a 
vacuum tube, or perhaps a copper-oxide element, without the use of any 
audio-frequency amplification at all. 

Power detection requires more radio-frequency amplification than does 
the weak-signal detector, and not many years ago this was a real disadvan- 
tage. The screen-grid tube has altered the situation however, by making 
it comparatively simple to obtain high radio-frequency amplification t)er 
stage without trouble >om regeneration. Inasmuch as it is still neces- 
sary to use the same number of tuned circuits in screen-grid sets as before, 
in order to obtain the necessary selectivity, the additional radio-frequency 
amplification is so easy to obtain that it is a great advantage. 

336. Vacuum tube amplifier action: Vacuum tubes used in mod- 
ern radio receivers serve three purposes, they amplify, they detect or de- 



604 


RADIO PHYSICS COURSE 


modulate and they rectify. We have studied detector action, and will now 
consider the action of the tube as an amplifier. As explained in Articles 
283 and 284, a vacuum tube having: a grrid may be used as an amplifier 
when connected in suitably arranged circuits, because any voltage varia- 
tions impressed in the grid or input circuit are reproduced on a much 
larger or amplified scale across any impedance connected in the plate 
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Fig. 242 — Study of the vacu- 
um tube as an ampllfler. 
Varying signal voltages 
applied to the grid cir- 
cuit cause corresponding 
variations in the plate 
current, which cause 
larger or “ampllfled" 
voltages t o appear 
across the plate load Im- 
pedance Ro. The actual 
voltage ampliflcation, ex- 
pressed as a per cent 
of the mu of the tube, 
which can be obtained 
with various values of 
load impedance may be 
found from (P). 


circuit. The fundamental action of the tube as an amplifier was discussed 
in the previous articles referred to, but it will be studied more in detail 
now. We will now see just how a tube amplifies voltage variations ap- 
plied to its grid circuit, — and how much. 

In order to understand the action of the tube as an amplifier, let us 
refer to (A) of Fig. 242. Here a vacuum tube is connected with its 
proper plate and grid potentials as shown. The filament voltage may be 
neglected since it serves no purpose other than to supply heating current 
to the filament. In our discussions of vacuum tubes as amplifiers, we will 
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show ordinary three-electrode tubes for simplicity in the diagrams, but 
it should always be kept in mind that the same actions take place in 
4-electrode screen-grid tubes and 5-electrode pentode tubes unless other- 
wise specified. Let e^ be the alternating signal voltage applied to the grid 
circuit, represented here simply by an a-c generator. It is evident from 
our previous discussions of vacuum tube action, that the application of this 
signal voltage to the grid will cause the grid potential to vary about the 
mean grid potential which is due to the steady grid bias voltage applied to 
the tube, and this in turn will cause variations in the plate current. 

To understand just what takes place let us refer to (B) which represents the 
Eg - Ip characteristic curve of the tube for some particular fixed value of plate voltage. 
It shows the plate current in milliamperes for any value of grid potential. Let us 
assume that the steady grid bias voltage supplied by the grid bias source Er is 4 volts 
negative. This sets the operating point of the tube at H on the characteristic curve, 
and a steady plate current of 6 milliamperes flows. Now let us suppose that an a-c 
signal voltage as represented by the signal wave-form shown at the lower part of 
(B) is applied to the tube. The effect of the individual cycles of this signal voltage 
will be to add and subtract from the steady grid bias voltage, and so vary the potential 
of the grid. For instance, when the signal voltage varies negatively from point 1 to 2. 
it causes the grid potential to change from -4 to almost -6 volts. This causes the 
plate current to decrease from point 1 to point 2 on the plate current curve. When 
the signal voltage increases positively from points 2 to 3 to 4, the plate current in- 
creases from corresponding points 2 to 3 to 4 as shown. It is evident that the result 
of the application of the a-c signal voltage is to cause the plate current to rise and 
fall above and below its steady normal no-signal value of L. When the grid potential 
decreases (is made more negative) the plate current decreases; when it increases (is 
made less negative) the plate current increases. Therefore the plate current variations 
are in phase with the grid potential variations. If a load resistance is connected in the 
plate circuit as shown at (C), when the plate current increases due to an increa^d 
grid potential, the voltage drop L R** across the resistor R, increases, and for this 
reason the voltage E^ actually applied to the plate decreases. That is, the true plate 
voltage decreases when the grid potential increases, and it increases when the grid 
potential decreases. Hence, the plate voltage and grid potential variations are 18^. 
out of phase. The phase relations of these three factors are shown at (E) of Fig. 242. 
They should be remembered as they are very important in some considerations of 
amplifiers. It will be noticed that the plate current changes produced by this signal 
voltage are quite large. Since the applied plate voltage is steady in value, it is evident 
that the effect of variations of the grid potential 1 really to vary the internal resis- 
Unce of the plate-cathode path in the tube. This variation of the internal plate 
resistance causes the plate current to vary. All the applied plate circuit voltage 
appears as a voltage drop between the plate and cathode. 

In order to make these large plate current variations useful, it is necessary to con- 
nect some form of resistance or impedance, called the plate circuit load, \n series with 
Ae plate current, so that the varying plate current flowing through this impedance will 
produce varying falls of potential through it, the varying falls of potential being 
communicated to another circuit in either of several ways (by transformer coupling, 
resistance coupling, or impedance coupling as we shall see later). At (C) an imped- 
ance R, of some sort, (shown here simply by a resistance symbol and considered as a 
resistance for simplicity in the following discussion), has been connected in the plate 
circuit The changing plate current must flow through this plate load impedance as well 
as through the internal plate impedance Rp of the tube. This changing current flowing 
through these im^dances causes a voltage drop to appear across each; Ep appears 
across the plate-cathode and a volUge drop E. appears across the load R,. The volUge 
drop across each part is of course proportional to the impedance of that part. In or- 
der to simplify the visuslization of the action, entrineers prefer to consider the tube cir- 
cuit drawn in simple form as at (D) of Fig. 2Q3. Here the grid circuit with its applied 
signal voltage, is replaced by a small a-c generator put right in the plate circuit. 
The volUge of this schenlatic generator is equal to the volUges of the »plied a-c 
signal muUiplied by the amplification factor (mu) of the tube, i.e., |ie,. This is so. 
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because any change in voltage of the grid has the same effect on the plate current as 
a voltage “mu” times as large acting directly in the plate circuit (see Articles 283 and 
284). The internal impedance of this generator is equal to the internal plate imped- 
ance of the tube. This equivalent tube circuit is shown in simplified form at (D) of 
Pfg. 242. 

We have already considered the effect on the tube action of the varying 
voltage drop through the plate circuit load. We found in Article 292 that 
it was the cause of the “dynamic” characteristic of the tube being differ- 
ent than the static characteristic. We are now interested in finding the 
conditions for maximum voltage amplification. 

337. Maximum voltage amplification: In a vacuum tube ampli- 
fier it is of course desirable to obtain as much amplification as possible. 
Therefore, it is important to know just what circuit conditions are neces- 
sary in order to obtain maximum amplification, and just how much this 
amplification will be. 

Referring to (D) of Fig. 242, let I», be the plate current flowing at some particular 
instant and Rp and R^ be the plate and load resistance respectively. Let e, be the grid 
potential at the instant considered. The e. m. f. of the plate battery Eb is then all 
used up in sending the plate current through these two resistances and is equal to the 
potential drop L Ro through the load resistance, plus the potential drop Ip Rp between 
the plate and cathode of the tube. This latter drop is Ep. Thus- 

Eb:;^Ep-4-Ip Ro • 

from which 

EpirzEt — Vp Ro 

which expresses the difference of potential between the plate and cathode of the tube. 
(Whether these tw'o voltage drops can be added together by simple arithmetic or not 
depends on tne nature of the load. In fact the very properties of the combined circuit 
depend on the kind of impedance for which Ro stands. For instance, it may stand 
merely for a simple non-inductive resistance, or for a more or less complicated tuned 
circuit, etc. We are considering merely the simple case with resistance load.) 

Suppose now, that the grid potential e, is varied so as to increase the current Ip 
in the plate circuit; then the resistance drop Ip Ro in the plate load will increase corres- 
pondingly. It then follows from the above equation, and from a consideration of the 
simple senes circuit, that v/ith the battery voltage Ep remaining constant, the 
actual effective plate potential Ep will decrease. Conversely, when Ip is decreased 
by decreasing the grid potential, the effective plate potential Ep will increase. The 
greater the load resistance, (or more generally the greater the load impedance Z), 
the greater the variation of effective plate potential Ep resulting from a given chang^ 
of plate current Ip, brought about by a given variation of grid potential e.. This is 
plainly shown in the “dynamic characteristic” curves at (A) of Fig. 210 where it may 
De Seen that the slope or slant of the dynamic characteristic curve decreases as the 
resistance (or impedance) of the external plate load is increased. As an extreme case, 
for infinite load impedance, the curve would be parallel to the grid voltage axis, show- 
ing that the variations of grid potential would produce no variation of the plate 
current, but would produce maximum variations of plate potential. Since the voltage 
across the plate load at each instant is equal to the fixed B battery voltage minus 
the plate potential existing at that instant, it is evident that the voltage variations 
across the plate load are amplified variations of the grid or (input) potential varia- 
tions. 


If the load is a non-inductive resistance R„, the total plate circuit 
resistance is Ro-f-Rn- Therefore, the change in plate current (amps.) pro- 
duced by the signal voltage ne, (referred to the plate circuit) is determined 


by 


Ip (change) = 


Ro“f-Rp 


This varying current flowing through the load resistance R, produces 


a change of voltage across it of 
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Ro 

(Load voltage change) eo=Ip R,= 

Ro4-R,. 

but the ratio of this output voltage appearing across the load, divided by 
the input signal voltage e,, is the voltage amplification G, produced by the 
tube. Hence : 

e© Ro 

G= =n 

e, R„+R„ 

If the second part of this equation is very large (i.e., approaches 
unity) the value of G will be very nearly equal to the amplification constant 
of the tube. When R* is infinitely great, the voltage amplification becomes 
actually equal to the amplification factor of the tube. This is the maxi- 
mum amplification that can be obtained from the tube. But this is only 
theoretical, since an infinitely great resistance constitutes an open circuit, 
and under such conditions there would be no voltage applied to the plate 
and the tube would not function. To be strictly correct then, we should 
state that the voltage amplification approaches more clo.sely to the theore- 
tical maximum value, namely, the value of the amplification factor, as the 
value of the load resistance is raised, until such a point is reached that 
the mean plate potential becomes too low to allow the tube to function 
properly. It is of course impossible to build primary windings of coup- 
ling transformers, or coupling impedances to have infinite impedance in 
practice, so the full “mu” of the tube is never realized. Practically, how- 
ever, it is possible to obtain quite a large fraction of the “mu” of the tube. 
For instance, if the resistance of the load is made three times the plate 
resistance of the tube, then since the load resistance is 34 of the total 
resistance and the plate resistance of the tube is >4 of the total resistance, 
the voltage amplification will be 34. or 75 % of the "mu” of the tube. In this 
case, if the plate resistance is 15,000 ohms, the voltage appearing acro.ss 
a coupling resistance of 45,000 ohms will be equal to the signal voltage 
times 75 per cent of the “mu” of the tube. If the load resistance equals 
the a-c plate resistance of the tube, half the amplification factor of the 
tube is obtained. The larger the plate circuit load is made, the greater is 
its ratio to the total resistance, and therefore the greater will be the 
voltage amplification. At (F) of Fig. 242, the actual voltage amplifica- 
tion as a percentage of the amplification factor, is plotted on the vertical 
scale; and the scale on the horizontal axis is plotted with the ratio of the 
plate load resistance to the a-c plate resistance of the tube. This curve is 
applicable to any tube. From it. the voltage amplification as a percen- 
tage of the mu of th“ tube may be found if the ratio of the load resistance 
and the a-c plate resistance of the tube are known. This is reproduced 
here by courtesy of “Wireless World Magazine." 

When considering a tube which has a very high plate rcsi^^tance. it is eviiU nl that 
any ordinary amount of resis.tance put in series in its plate circuit makes little differ- 
ence to the variatioiu in the plate current. For example, a '27 type tube with a 
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plate resistance of 9,000 ohms would have about the same variations in plate current 
if a load of 1,000 ohms were added to the plate circuit. But if another 9,000 ohms, or 
even more were added, the variations in the plate current would decrease. In other 
words, the mutual conductance of the circuit, i.e., the relation between the variations 
in the plate current and the variations in the input signal voltage, decreases. 

The plate resistance of a '35 type screen-grid tube, for instance, is about 360,000 
ohms. Its mutual Conductance is about 1100 micromhos. Now if a load resistance of 
50,000 ohms is connected in series with the plate circuit of the tube, the plate 
current variations will only decrease by about ten per cent, and the mutual conductance 
will decrease the same amount. 

We can say. then, that with a high-resistance tube, the mutual conductance of the 
circuit is about the same as for the tube with no-load resistance, that the variations in 
the plate current in the entire circuit is equal to the alternating grid voltage multiplied 
by the mutual conductance, and that the voltage amplihcation from such a tube is equal 
to the product of the mutual conductance and the load resistance. Thus: variations 

in current (with or without load) z^EgyGm— . 

Ro-f- Rp 

Voltage amplification^ G«yRo. 

It is interesting to note that the maximum amplification that can be secured from 
a three-element tube working into a resistance is the mu of the tube, but that the maxi- 
mum amplification obtainable from a screen-grid tube depends not so much upon its 
amplification factor hut upon the mutual conductance. This is because the load resis- 
tance that can be built up for the tube to work into is limited — we cannot get resistances 
beyond perhaps 200,000 ohms in an r-f circuit at broadcast radio-frequencies, or much 
less than this figure at higher frequencies. 

Example: (a) A 227 type tube (Rpzz9,000 ohms, and “mu”=:9) is being worked into a 
plate toad of 27,000 ohms. What is the actual voltage amplification; (b) 
If a 10 volt signal were applied to the grid, how much would the plate cur- 
rent Vary‘S (c) What would be the variation in voltage drop across the 
load resistor? 

R, 27,000 

Solution: (a) actual voltage amplification, Gz=u =9x =6.7 

Ro4-R» 27,0004-9,000 

^e, 9x10 

(b) plate current variations^: — .0026 amps, or 

Rp-|-R« 27,000-1-9.000 2.6 ma. 

(c) load voltage variations=:.0025y 27,000— 67.5 volts. Ans. 

It is evident from the foreproing, that in order to obtain a large per- 
centage of the voltage amplification possible from an amplifier tube, the 
impedance of the plate load into which it works, must be as large as pos- 
sible. This should be remembered. If instead of a resistance Ro, an 
inductive load is connected in the plate circuit of the tube, the varying 
output voltage across it will depend not only on the magnitude of the 
signal voltage variations applied to the grid, but also on their frequency, 
because the impedance of an inductance increases as the frequency in- 
creases. since X,r_ 2T fL. If the resistance of the load is high compared 
with its reactance, the di.scrimination toward certain frequencies is les- 
sen<*d. and the amplification approaches that obtained with a resistance 
load. 


338. Conditions for undistorted amplification: In our considera- 
tion of the action of the vacuum tube as an amplifier at (B) of Fig. 242, no 
mention was made of distortion which may be produced in the wave-form 
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of the plate current due to various factors which may affect the operation 
of the tube. In the case shown, the form of the plate current variations is 
an exact enlarged duplicate of the signal voltage variations applied to the 
grid i.e., this is no distortion. This is so, because the proper grid bias 
voltage (for the particular plate voltage employed) was purposely selected 
so that the normal operating point H of the tube would fall at the middle of 
the comparatively straight part of the E,. - I,, characteristic. An amplifier 
tube should always be operated this way. The negati\e grid bias voltages 
specified for the various tubes at the various plate voltages given, in Fig. 
214, are those which place the operating point at this middle point on the 
curve, and should always be employed when using tubes as amplifiers. 

Thus if we desire to operate say a *24 type tube as an amplifier using a plate volt- 
age of 180 volts, referring to Fig. 214, we find that a grid bias voltage of 1.5 volts 
(negative) must be applied to the grid. This makes the tube operate at approximately 
the center of the straight part of its characteristic curve when no signal is applied to 
the grid. 

The conditions for undistorted amplification are (a) the grid bias and 
magnitude of the a-c input signal voltage must be such that the tube 
operates only over the straight part of its E^, - I,, characteristic; (b) the 
load resistance must be large with respect to the internal plate resistance 
of the tube Rp. We shall now see what happens if these operating condi- 
tions are not observed. 

339. Dutortion due to incorrect grid bias: In the case shown 
at (B) of Fig. 242, the grid bias voltage was correct, so the tube operated 
over the straight portion of the characteristic curve and distortionless am- 
.plification was produced 

Suppose the negative grid bias voltage applied to the tube is too great, as in (A) 
of Fig. 243, so that when a signal voltage is applied to the grid as shown, the negative 
half cycles of the signal voltage cau.se the grid potential to swing .^o far negative that 
the tube is operated on the lower curved part of its characteristic where the plate 
current changes are not proportional to the grid potential changes. As can be seen 
from the diagram, the curve showing the resulting plate current variations, is no longer 
similar in shape to that of the grid (signal) voltage, and its average value is no 
longer equal to the plate current U flowing during the zero signal condition, as is true 
when the bias is .such that the input signal voltage ca^ne^ the grid operating point 
only over the straight part of the curve. The parts t>f these cu^ve'^ representing the 
decrea.ses in plate current, are partly shut off; and distortion results because the plate 
current changes caused by the equal positive and negative halves of the signal voltage 
cycles are not equal (or are not amplified alike) The average plate current is now 
greater than that during the no signal condition, as shown 

If a milliammeter weie connected in the plate circuit of a tube operating this way. 
as shown at (B), it would show an iticrva^r m the plate current when signals were 
applied to the grid, or when a particularly loud signal came through; an indication of 
distortion due to too much grid bias voltage This method \>f indicating distortion is a 
very simple and effective one and is used especially for detecting distortion in the tubes 
in audio amplifiers. This will be considered in Article 344. 

If the negative grid bias applied to the tube is great enough, and the input signals 
are strong enough, t e grid may be forced so far negative on strong signals that the 
plate current may be reduced to zero altogether on the negative half cycles. This will 
produce even worse distortion since the tube would now be operating under the condi- 
tions shown at (U) of Fig. 236, i.e., th * tube is operating as a grid bias detector instead 
of as a distortionless amplifier Rectification of this sort taking place in r-f amplifier 
stages due to the loud signals from local stations may produce cross-modulation. This 
will be stuilied later. 
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If the grid bias voltage is too small, the tube may operate near the 
upper bend of the curve around E, and distortion again occurs as shown 
at (C) of Fig. 243 due to the fact that when the positive half cycles of the 
signal occur, the tube is operating on the curved part of the charac- 
teristic where the changes in plate current are not proportional to the 


AVERAGE PLATE 
CURRENT 



APPLIED A.C. 
SIGNAL- 
VOLTAGE 
VARIATIONS 


Kig Z-13— (A> Distortion of wave-forrr. of plate ‘Current, resulting from excessive negative 
gi id bias 

<B) Connection of plate circuit for Indicating tube distortion ^ 

(C) Distortion of wave-form of plate current, resulting from Insufficient negative 
grid bias 


changes in grid potential. The result is that the average plate current 
(shown by the dotted line) is now less than the normal no-signal plate 
current I,,. If a milliammeter is connected in the plate circuit, the needle 
will kick doivn every time a loud note comes through. This indicates 
distortion due to operation at the upper bend of the characteristic curve. 

340. Diatortion due to poaitive grid: It is possible for an ampli- 
fier tube to be operating with such a grid bias voltage, that the positive 
half cycles of the a-c signal voltage applied, are not great enough to 
drive the grid potential to the extreme po.sitive potential illu.strated at (C) 
of Fig. 243. where the tube operates at the upper bend of the character- 
istic. It may just drive the grid slightly positive each time as shown at 
(A) of Fig. 244. We shall now see that even this condition will cause 
distortion. The E* -Ip characteristic curve is no longer straight after 
positive potentials are applied to the grid, it begins to curve downward, 
and at high enough positive grid potentials, it becomes practically horizon- 
tal as shown. Distortion will occur as soon as the positive half cycles of 
the input signal voltage make the grid positive. The reason for this is as 
follows : 

As soon as the grid becomes positive with respect to the cathode, it acts exactly 
like a plate and attracts some of the negative electrons being emitted by the cathode. 
These electrons flowing to the grid and down through the grid circuit to the cathode, 
constitute a current m the grid circuit. This grid circuit current must flow through the 
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resistance of the electrical apparatus connected in the grid circuit (secondary of pre- 
ceeding coupling transformer, etc.). There is then, an I R drop in the grid circuit 
due to this, so that at each instant, the potential of the grid is not equal to the applied 
signal voltages but is equal to this value minus the voltage drop in the input circuit 
due to the grid current — just as the effective plate voltage applied to a tube is not the 
voltage of the B battery, but is this voltage minus the voltage drop in the output load 
resistance. The greater is the input signal voltage, the more the grid goes positive 
on each positive half cycle, the greater is the voltage drop in the grid circuit resistance, 
and the smaller is the proportion of the signal voltage that is actually effective on the 
grid. The voltage drop due to grid current really prevents the actual grid potential 
from swinging as far positive as it otherwise would on the positive half cycles of 
signal. The result of this is that the increases of plate current due to the positive 
half cycles of the signal are not as great as they otherwise would be, the plate current 
variations are not exact enlarged duplicates of these signal voltage variations, and 
therefore distortion has taken place. This may be seen from (A) in Fig. 244. If the 
grid did not go positive and cause a grid current to flow, the actual potential variations 
would be along points 1-7-3-8-5-9 etc. of the signal voltage wave, and the plate current 
variations would follow along points 1-7-3-8-5-9 of the plate current wave. Actually 
however, since there is a voltage drop in the grid circuit each time the grid becomes 
positive, the grid potential does not swing as far positive as points 7-8-9, etc. would in- 
dicate, but only swings out to points 2-4-6 as shown by the dotted line. Likewise the 
plate current changes only swing to points 2-4-6 on the plate current curve. Evidently, 
distortion takes place. 

For the reasons shown above, the grid of a lube operated as an amp- 
lifier should never be allowed to go positive in ordinary circuits, or distor- 
tion will result. The selectivity of an r. f. amplifier circuit is materially 
reduced if the grid goes positive, since the voltage drop produced in the 
secondary of the tuning coil due to the grid current, materially reduces the 




Fix 


244 — (A) 
(B) 


Distortion of the wave-form of plate current due to signal voltage - driving 
the grid positive. 

Distortion of the wave-form of the plate current due to loo large a signal 
voltage applied to the grid circuit 


signal potential (of the desired station) actually applied to the grid. 
Since this decreases the signal response of the desired station, a 'decrease 
in selectivity re.sults. Therefore it should be carefully remembered that 
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any amplifyinj? tube should be so operated that the grid will at all times 
be kept negative under the usual signal conditions. This is another reason 
for using the proper \alue of negative “C” bias. The “C” bias values given 
in Fig. 214 are the proper ones recommended by the tube manufacturers. 
Notice that the “C” bias recommended increases as the plate voltage is in- 
creased, This will be readily understood by referring to the graphs at the 
right of Fig. 197. The characteristic curves for the higher plate voltages 
fall above and to the left of those for the lower voltages. Therefore the 
normal operating point of the grid must be shifted to the left by using 
higher “C** bias voltages, when high plate voltages are employed. 

341. Distortion due to overloading: Even though the grid bias 
voltage applied to the grid of an amplifier tube is such that the tube oper- 
ates at the certain point A of the straight portion of its characteristic 
curve as shown at (B) of Fig. 244, distortion may result if the signal volt- 
age is so large that it drives the operating point of the grid down to the 
lower bend of the Eg - 1,, characteristic curve or makes the grid positive 
during the positive half cycles of the signal. This is the condition where 
the tube is overloaded, i.e., too large a signal voltage is being applied to 
its grid circuit. This condition is shown at (B). 

If a relatively small signal voltage D is applied, since it causes the grid potential 
to vary only over the .straight portion of the characteristic curve between points E and 
F (andHhe grid is always negative), no distortion takes place, as shown by the fact that 
the curve H showing the plate current variations produced, is an exact enlarged dupli- 
cate of the signal-voltage curve D. If a very large signal voltage E is applied, distor- 
tion may occur due to two causes. First, the grid potential is driven over the upper 
bend of the E, - U characteristic, and second, since the grid is driven positive during 
each positive half cycle of the signal e. m. f., a grid current flows, causing a voltage 
drop in the grid circuit so that instead of the grid potential moving up to point C on 
the curve each time, it actually only moves to point J. The resulting distorted plate 
current variations are shown by curve K. 

In a case like this, since the average plate current is increased during 
the negative half cycles, and is decreased during the positive half cycles, 
the pointer of a milliammeter connected in the plate circuit w'ould kick 
up and down violently every timt* a loud passage was received, indicating 
distortion due to overloading of the tube. 

342. Distortion due to curved characteristic : In the tubes which 
are u.sed to deliver yoivvr to a load, such as a loud speaker, etc., distortion 
may also occur due to an excessively curved - Ip characteristic at the 
lower part, caused by using a plate load having too low a resistance. This 
will be considered later when studying power tube circuits. 

343. Results of tube distortion: The result of the various forms 
of distortion w^hich may result by operating the tube in any manner which 
will cause the tube to operate over the curved part of its characteristic, 
is to make the wave-form of the plate current variations, and magnified 
output voltage variations across the plate load, different from that of the 
applied signal voltage. This means that the sound waves produced by the 
loud speaker due to the.se currents, will not be a duplicate in every respect 
of those impressed on the microphone in the broadcasting station. Hence 
the necessity for avoiding all forms of distortion. The output current or 
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voltage variations produced as a result of severe distortion may be very 
complex and very much different from those of the input signal voltage. 

When a tube distorts, it adds to the output circuit, certain frequencies 
which are not present in the input. The currents of all of these frequen- 
cies added together at any instant equals the actual total plate current at 
that instant. The combination of all the wave-forms of these harmonics 
produces the resulting wave-form of the actual plate current. 

The maximum permissable grid siring is the range of voltage on the grid 
which will not cause distortion either because of the grid going positive or 
because of the operating point traversing the lower bend. By “grid 
swing” is usually meant the total swing of grid voltage due to both the 
positive and negative halves of the a-c input voltage cycles. Thus, if the 
grid swing is 5 volts it means that the potential of the grid varies 2.5 volts 
above and 2.5 volts below some fixed value, a total swing of 5 volts. In 
this case, 2.5 volts is what we ordinarily refer to as the “peak” voltage 
of the a-c. Unfortunately, in many cases the term “grid swing” is also 
referred to as the maximum or peak value of the a-c signal voltage in one 
direction from zero (see (A) of Fig. 69). Obviously, the grid swing 
by this definition is half of that in the former case. It would be best to 
refer to the total grid swing by the former definition, and refer to that 
of the latter definition by the term “peak voltage”. In order that no dis- 
tortion be produced in a vacuum tube operating as an amplifier, the grid 
bias voltage is made at least as large as the “peak” value of the applied 
signal voltage in one direction, so that even when the positive half of each 
.cycle is being received, the grid does not go positive. The grid bias voltage 
should preferably be a little greater than this value, in case extra strong 
signal impulses should be received during the rendering of a musical selec- 
tion, etc. The grid swing must of course be referred to the dynamic 
characteristic curve of the tube. 

344. Testing for distortion: One of the simplest methods of test- 
ing for distortion occuring in amplifier tubes, in order to determine the 
cause, and remedy it if possible, is by connecting a d-c milliammeter of 
suitable range depending on the plate current of the tube to be tested (see 
Fig. 214) in the plate circuit of the tube, as shown at (B) of Fig. 243. Of 
course the moving coil and pointer have too much inertia to be able to 
follow the individual variations of each cycle of the plate current, but 
they will follow the average values of the current. As explained in the 
previous articles, when a signal starts to come in or when a particularly 
loud musical passage or speech sound is being received, the cause of the 
distortion will be indicated by which way the pointer of the milliapimeter 
deflects or “kicks”. These may be summarized as follows: 

(1) meter pointer kicks downward — too small a negative grid bias. 

(2) meter pointer kicks upward — too great a negative grid bias. 

(3) meter pointer fluctuates up and down — too large a signal 
voltage swing being applied to the grid of the tube. 

A fluctuation of meter reading of over 10 per cent from its normal 
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steady value should be taken as an indication of distortion which is bad 
enough to be noticeable to the average human ear. 

The remedy for case (1) is either to increase the negative grid bias 
voltage on the tube, or increase the plate voltage, or if these adjustments 
are not possible in the particular amplifier being considered, to reduce the 
input signal voltage applied to the tube. The remedy for case (2) is lo 
decrease the grid bias voltage or the plate voltage, or else decrease the 
incoming signal voltage applied. The remedy for case (3) is obviously 
either to increase the grid bias and plate voltages until a longer straight 
portion of characteristic is available; reduce the signal voltage; or use a 
different type of tube having a longer straight portion of characteristic 

i.e., one able to handle larger signal voltages. There is also another 
remedy for case (3), that of connecting two amplifier tubes in push-pull 
so that only half the total signal voltage is applied to each tube in turn. 
This circuit will be considered in connection with audio amplifiers in Art. 
447. 

REVIEW QUESTIONS 

1. Why is detection or “demodulation’* necessary in a radio re- 
ceiver? 

2. Explain briefly, the action of the grid-bias type of detector. 
Draw a sketch showing an alternating signal voltage wave ap- 
plied to the grid circuit of a grid-bias detector and by projecting 
up to the Eg - Ip curve of the tube, construct the resulting plate 
current curve. 

3. Why is it preferable to operate the tube at the lower bend of the 
curve in grid bias detection? 

4. Show’ by means of circuit sketches, how the necessary negative 
grid bias voltage may be obtained for operating the following 
types of tube as grid-bias detectors ■ (a) 3-electrode direct-heater 
type; (b) 3-electrode separate-heater type; (c) screen grid di- 
rect-heater type: (d) screen grid separate-heater type. 

5. Explain briefly, the action of the grid leak and condenser type 
of detector. Draw the .same kind of a sketch for this type, as 
described in question 2 

6. W’hat IS the purpose of: (a) the grid condenser; (b) the grid 
leak resistor, in this ty[)e of detector? 

7 What is meant by “square law“ detection Why is it objection- 
able under present broadcasting conditions? 

8. What is linear detection? What tyi)e of detector is practically 
a linear detector'.’ 

9. What is meant by power detection? How does a power detector 
differ from the ordinary forms of detectors used several years 
ago. What recent change in radio receiver design has led to the 
extensive use of power detection? 

10. Draw circuit sketches showing the following types of tubes ar* 
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ranged for grid leak and condenser power detection, and also 
separate sketches showing the arrangement for grid bias power 
detection: (a) 227; (b) 224; (c) 232. 

11. Why may a grid leak and condenser detector be made more 
sensitive than a grid-bias detector? 

12. What would happen if a high-gain r-f ampliher were employed 
ahead of a low-voltage type of detector such as was commonly 
used several years ago, if the r-f amplifier applied a signal 
voltage of about 5 volts to the detector? 

13. Explain (with diagrams) the action of the vacuum tube as an 
amplifier. Why is it necessary to connect an impedance in the 
plate circuit to secure useful amplification from a tube? 

14. What must be the value of the load connected in the plate circuit 
of an amplifier tube in order to obtain an amplification equal 
to the amplification factor of the tube? 

15. It is desired to obtain 90 per cent of the possible amplification 
from a ’24 type tube operated at a plate voltage of 180 volts. 
Its “mu” is 400 and its a-c plate resistance is 400,000 ohms. 
What load resistance is required? 

16. A 10 volt signal is applied to the grid circuit of the above tube. 
What voltage variations appear across the load resistance? 

17. Explain how detection or “demodulation” may occur in an im- 
properly adjusted radio-frequency amplifier. 

18. How must an amplifier tube be operated in order to secure dis- 
tortionless amplification insofar as the tube itself is concerned? 

19. What will be the effect on the wave form and the average value 
of the plate current of an amplifier tube if (a) it is operated 
with too great a negative grid bias voltage; (b) too small a grid 
bias voltage; (c) too great a signal? Illustrate each answer 
by means of a sketch, assuming a sine-wave voltage applied to 
the grid circuit, for simplicity. 

20. Explain how a milliammeter connected in the plate circuit of 
an amplifier tube may be used to indicate when distortion is 
present in the tube and just what is causing the distortion. Il- 
lustrate your answers with sketches. If the milliammeter 
pointer deflects to a steady position when the signal is being 
received, what does this indicate? 

21. A pure sine-wave sound of 1,000 cycles is played before the mic- 
rophone in the broadcast studio. This is transmitted by the 
station, and is received and amplified at a receiving station. 
The r-f amplifiers in the receiver are being operated at an ex- 
cessively negative grid bias. Will the sound heard in the loud 
speaker be different than that at the microphone? Give reasons 
for your answer, and show with sketches, just what the wave- 
form of the received signal current will be after it has been 
amplified. Compare this with that of the original sound. 
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NEED FOR AMPLIFICATION — REQUIREMENTS OF THE RECEIVER — STRENGTH 
OF THE RECEIVED SIGNAL (MICROVOLTS PER METER) — DESIRABLE FIELD 
STRENGTHS — TYPES OP R-F RECEIVING SYSTEMS — TUNED RADIO-FRE- 
QUENCY AMPLIFICATION — MULTIPLE TUNED R-F — RESISTANCE COUPLED 
R-F AMPLIFIER — PLATE IMPEDANCE COUPLING — GRID IMPEDANCE COUP- 
LING — PARALLEL PLATE FEED — SELECTIVITY OP MULTIPLE STAGES — DE- 
SIRABLE TUNING CURVE SHAPE — HOPKINS BAND REJECTOR SYSTEM — THE 
BAND SELECTOR — BAND SELECTOR SYSTEMS — CROSS-MODULATION AND PRE- 
SELECTOR — VARIABLE TUNING CONDENSERS — SHAPES OF CONDENSER 
PLATES — S.L.C., S.L.W., S.L.F. CENTRALINE CONDENSERS — REDUCTION OF 
TUNING CONTROLS — EFFECT OF ANTENNA ON SINGLE CONTROL RECEIVERS 
— CONDENSER GANGING — EQUALIZING THE CIRCUITS — PURPOSE OF THE. 
VOLUME CONTROL AND ARRANGEMENTS — AUTOMATIC VOLUME CONTROL — 
COUPLING IN THE "B’'-SUPPLY — AUTOMATIC TUNING AND REMOTE CONTROL 
— THE SUPERHETERODYNE RECEIVER — REVIEW QUESTIONS. 

345. Need for amplification: Now that we have .studied the op- 
eration of the tuned circuit and the construction, characteristics, and oper- 
ation of vacuum tube detectors and amplifiers, we are prepared to con- 
sider the various types of amplifiers employed in radio receivers for 
strengthening the weak signal voltages set up in the antenna circuit by the 
passing electromagnetic radiations. 

At (C) of Fig. 180 a simple receiving circuit employing a crystal detector was 
shown. In this receiver a tuned circuit was employed to separate the signals of the 
daaired station from those of all other stations, by so adjusting the tuned circuit that it 
was in resonance at the frequency of the carrier current of the desired station. Under 
this condition, the tuned circuit offered minimum impedance to the flow of currents of 
this particular frequency, and a much higher impedance to currents of all other fre- 
quencies (from all other stations). In this way the currents from all other stations 
were suppressed and the current from the wanted station was allowed to build up quite 
strong voltages across the tuned circuit, these being applied to the detector and causing 
operation of the earphones. In this circuit there is no voltage amplifleation other 
than any slight gain due to the tuned circuit, so that the loudness of the signal heard 
in the phones is entirely dependent on the strength of the signal received in the antenna 
drenit, the design of the primary-secondary coupling and that of the tuned circuit. 

In (A) of Fig. 236 and (A) of Fig. 237, a vacuum tube was used as a detector or 
daniodulator in place of the crystal detector. Since the vacuum tube not only performs 
tta function of demodulation, but also amplifies the input signal voltages somewhat, the 
tignw heard in the phones are somewhat stronger than when the crystal detector is 
employed. A set of this type gives fairly satisfactory earphone operation from power- 
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ful broadcasting stations located short distances away. Since the amount of energy 
decreases very rapidly as the distance from the transmitting station is increased, it is 
evident that a simple one-tube set of this type cannot be used for long-distance recep- 
tion because the very weak voltages induced in the antenna circuit are not strong- 
enough (even when amplified by the detector tube), to opeiate the earphones. In- 
creased sensitivity can be obtained by the use of regeneration, but there is a very 
definite practical limit to this. 

The use of earphones has become unpopular, as people desire to hear 
radio programs in comfort with loud speakers which produce enough vol- 
ume of sound to be heard clearly in rooms of large size. Loud speakers 
require a stronger operating current than ordinary earphones do, since 
they do more work in setting a larger amount of air in motion. A large 
volume of sound from a loud speaker represents the expenditure of a great 
deal more energy than is ever picked up by the antenna, and therefore the 
energy delivered to the speaker must be supplied by some local source in the 
receiving equipment, and the rate of expenditure of this local energy must 
be controlled in such a way that it varies as nearly as possible in exact 
accordance with the varying amplitude of the high-frequency voltage gen- 
erated in the antenna circuit by the passing helds. This extra energy may 
be added most conveniently by means of vacuum tubes operated as ampli- 
fiers. Of course the extra energy in this case really comes from the B- 
power supply device used with the tubes. In order to accomplish this, the 
varying signal voltage is applied to the input or grid circuit of the vacuum 
tube. The amplified signal-voltage variations appear across whatever 
load is connected in the plate circuit of the tube, (see Art. 336 and Fig. 
242). 

• 

The next question to be settled is just where to introduce the amplifi- 
cation. It is evident that we have two choices in this matter. Assuming 
the use of a vacuum tube as the detector or demodulator, we could amplify 
the weak radio-frequency signal voltage variations before they are fed to 
the detector (radio- frequency amplification ) . The tendency in receiver de- 
sign has been to amplify the radio-frequency signal voltages before they are 
applied to the detector and also amplify the audio output after leaving the 
detector. This arrangement is still used, but as a result of the development 
of satisfactory high gain screen-grid amplifier tubes, power detectors, and 
pentode power tubes, the tendency has been to increase the radio-frequency 
amplification used ahead of the detector, and use less audio amplification 
after the detector, on account of the many advantages of the former. It is 
not unlikely that receivers of the future will not employ any audio ampli- 
fication at all, all of the amplification being applied to the signal voltage 
variations before they are fed to the detector. This will necessitate the 
development of suitable detector tubes or other demodulation devices (not 
necessarily of the vacuum tube type) , which are also capable of efficiently 
applying a large amount of undistorted power directly to the loud speaker. 
In order to understand why amplification ahead of the detector is so ad- 
vantageous, we must see just what the radio receiver is called upon to ac- 
complish. ' 
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346. Requirements of the receiver: (1) The modern receiving 
set must separate the signals of any station it is desired to hear, from those 
of all other stations. The selectivity of a receiver is a measure of this 
ability to discriminate between the wanted and unwanted signals. Of 
course we would like to have a receiver which will respond only to one given 
station at a time, and not at all to any other, no matter how powerful the 
undesired signal is, or how close in frequency it is to the desired signal. 
This perfect selectivity is very difficult, if not impossible to attain in prac- 
tice, but we now have receivers which are as selective as we really need 
them under present broadcasting conditions. 

(2) The receiving equipment must also amplify the incoming signal voltage of 
the desired station until sufficient energy is available to operate the loud speaker as 
loudly as desired. The aensxtivtty of a receiver is a measure of the overall amplification 
from the antenna-ground terminals of the receiver to the loud speaker. Needless to 
■ay, it is desirable to have the sensitivity as high as possible, for then it requires but 
a small input signal voltage to deliver considerable output power to the speaker. It 
ia also true however, that a sensitive receiver without adequate selectivity is useless, 
for the more sensitive it is, the more stations it .tends to bring in at once with loud 
speaker volume and therefore the greater is the need for eliminating the signals of 
these unwanted stations. 

There is another very definite limitation to the amount of sensitivity required. The 
combination of all noises coming into a radio receiver is usually taken to be the 
noiaa level. These noises are caused by true static, electrical interference, by re-rad- 
iating receivers, or by any apparatus or device which produces electrical impulses which 
may be picked up by the receiver. The limit of radfo reception is governed by the dis- 
tance and power of the transmitter and also by the stray electrical disturbances which 
drown out the signals as soon as the intensity of the latter falls to a certain degree. 
A point is reached where the signal from the station has less strength than thm 
stray impulses forming the noise level. It is then impossible to receive the statior. 
without this interference, because the receiver will amplify the noise voltages equally as 
well as it amplifies the true signal voltages, since they are of the same electrical nature. 

(3) A receiver must also reproduce in the form of sound waves, the exact wave- 
form of the sound set up in the broadcasting studio. The fidelity of a receiver is a 
measure of how well it reproduces the actual sound wave originating in the broadcasting 
studio. If a note of a certain loudness and frequency is sung into the microphone, then 
this note when reproduced by the loud speaker of the receiving equipment should be 
exactly the same both as regards wave-form, frequency and intensity. This should be 
true for any sound within the range that may be broadcast. In other words, a receiver 
that delivers a perfectly undistorted signal is one which has a uniform or flat frequency 
response curve from the antenna to the loud speaker output. This considers the loud 
speaker as part of the receiving equipment — which it most certainly is Of course, 
this assumes that the equipment in the broadcasting station does not cause any dis- 
tortion. In modern high-class stations, this is so nearly true that we may assume that 
their output is perfectly undistorted. Most transmitters now being constructed have 
an audio frequency range of 30 to 10,000 cvcles with very small deviation from uniform 
frequency amplification over this range. While receivers which are perfect as regards 
the above three considerations, are practically impossible to attain in practice, many 
present day receivers are so sensitive, selective and. produce such excellent frequency 
response (the average ear would not detect the small distortion present) that very 
satisfactory performance is obtained. 

347. Strength of the received signal (microvolts per meter) : We 
have already .studied the factors which affect the energy radiated from 
the antenna of the transmitting station. We found that since this energy 
spreads out over a large area in all directions, the amount available at any 
receiving antenna to set up voltage in it is extremely small even when the 
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transmitting station is only a few miles distant. In order to compare 
the strengths of the signals received from various stations and the sensi- 
tivity of various types of receivers, it has hecome a practice to call the 
voltage th-dt is induced in the receiving antenna, the field strength of the 
transmitter at that particular point on the earth's surface. The voltage 
set up in the average antenna is usually a few thousandths of a volt (milli- 
volt) . Since the voltage induced in a higher antenna will be greater than 
that set up in a lower one, it has become standard practice to rate field 
strength as so many microvolts per yneter, or so many millivolts per meter. 
Micro-volts is commonly used, because the e. m. f. induced in an antenna 
is so small, that the use of the volt as a unit would necessitate the use of 
decimals in most cases. Thus, an antenna having an effective height of 
one meter, (1 meter is slightly over 3 feet) and having 10 microvolts in- 
duced in it is located in a field strength of 10 microvolts per meter. An 
antenna 5 meters high and having a v'oltage of 10 microvolts induced in it» 
is situated in a field of strength of 10 divided by 5, or 2 microvolts per 
meter, etc. The effective height of an antenna bears little relation to the 
actual height in meters of the antenna. It depends on many things — how 
well the antenna is insulated, the kind of soil over which it is erected, etc. 
The effective height of an antenna is somewhat less than its actual physical 
height above the ground and in most receiving measurements it is as- 
sumed as an average of 4 meters (13 feet). Of course the greater the 
field strength existing at the location of the receiving antenna, the more 
the volume one can get out of a receiver. Likewise, with a greater field 
;?trength, less amplification is required to produce a given output from the 
receiver. 


348. Desirable field strengths: 

According to Dr. Alfred N. Gold- 

smith. ( proceed iiip.s of the I. R. E. Oct. 

, 1926) the type of reception to be 

expected with various field strengths at the receiving antenna is as follows; 

Sivrnal Field Strength 


I millivolt'^ p<T meter) 

Grade of Reception 

0.1 ... 

poor reception 

1 0 . 

fair reception 

IIM) 

very good reception 

lOiUi . . .. 

excellent reception 

1 (HM) 0 

extremely strong reception 

Antenna Power 

Reception Range 

( watts ) 

(miles) 

5 

1 

50 .. 

3 

500 

10 

5.000 . 

30 

50.000 

100 


From the point of view of signal strength, it is of course desirable 
that the transmitter stations employ considerable power so as to send out 
intense fields which are much stronger than those set up by static dis- 
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turbances, electrical appliances and other devices. The signal voltages 
will then be stronger than those set up by these sources of electrical inter- 
ferences and the latter may easily be suppressed. 

349. Types of r-f receiving systems: In order to obtain the 
amount of amplification necessary for satisfactory loud speaker volume, 
it is usually necessary to employ more than one amplifier tube. Modern 
amplifiers employ a number of stages of amplification, the signal being fed 



Wig. 24S~>(A) — T-R-F receiver eyatem. (B) Band selector ayatem. (C) Superheterodyne 
system. 

to the grid circuit of the first tube. The output voltages appearing across 
the load in the plate circuit of this tube are fed to the grid circuit of the 
next tube, etc. It is not at all uncommon to use 5 or more high-gain stages 
of amplification ahead of the detector. The problem of tuning can of 
course be solved by using as many resonant circuits as are necessary to 
feduce the strength of the signal-voltage variations of the unwanted sta- 
tions down to a value where they do not cause interference with those of 
the station being received. The degree of selectivity required for this 
purpose depends both on the signal strength of the stations it is desired 
to receive and that of the unwanted stations whose fields affect the re- 
ceiving antenna simultaneously. 

There are several arrangements possible with the amplifying tubes and tuned cir- 
caita in the r-f amplifier. As shown at (A) of Fig. 245, we may select and amplify 
in successive steps by following each tuned circuit by an amplifier tube. This is the 
common method used in tuned radio-frequency (*'t-r-f") amplifiers. The overall 
response of the several tuned circuits to frequencies off resonance is diminished, in a 
logarithmic function. That is, if a single stage delivers 5 times as much voltage at the 
frequency of resonance as it does at some other frequency, the total discrimination in 
favor of a desired signal is 5y 5 or 25 in a 2 stage amplifier, or if there are N stages. 

In another type of receiver, the selectivity and amplification are accomplished 
separately as shown at (B). Either the selection is accomplished first by means of a 
series of tuned circuits usually in the form of a **band-pass” tuner, and the output 
voltage IS then amplified by a vacuum tube amplifier which amplifies signals of all 
frequencies the same amount; or else, the amplification is accomplished first and then 
selection by tuned circuits follows. The former method is best of course because it is 
relatively easier to suppress the unwanted signals as soon as they are received than it 
Is to suppress them after they have been amplified by the amplifier along with the 
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wanted aignsls. The selector in the former system is commonly known as the “band- 
pass tuner” or “band selector” because it selects or passes a band of frequencies 10 kc 
wide. 

In the Superheterodyne system of reception which has become exceedingly popular, 
the incoming sinal is first Mlected partially in. the pre-selector or r-f amplifier, then 
the frequency of the signal is changed to a lower frequency (which can be more effi- 
ciently amplified), and is then amplified at this intermediate frequency by the “inter- 
mediate-frequency” amplifier. It is then demodulated by the so-called “second detec- 
tor”, as shown at (C). A certain amount of selectivity is also obtained in the frequency- 
changing process. We will study the tuned radio-frequency, and “band selector” systems 
first, reserving the superheterodyne receiver for later detailed study in Chapter 22. 

In spite of all the changes which have taken place in radio receiver 
design, there has been very little change in the fundamental principles 
involved in amplifier design, although certain new principles have been 
added and the constants of most circuits have been revised to suit the 
newer types of vacuum tubes. Of course the mechanical construction of 
the parts have been continually changed in order to reduce the cost of raw 
materials necessary, greatly simplify and cheapen the manufacturing 
processes, and reduce the overall dimensions of the entire receiver. 

350. Tuned radio-frequency amplification: A single stage of 
tuned radio-frequency (hereafter abbreviated t-r-f) amplification shown 
at the left of Fig. 246 is connected ahead of a grid leak-condenser detector 
to form the circuit shown at the right. The circuit is that for a simple 
battery-operated receiver, but of course the same general arrangement 
could be employed for a-c operated tubes (with proper filament and plate 
voltage supply) or for a screen-grid type of r-f amplifier. We are con- 
cerned mainly with the simple t-r-f type of circuit at this time; later we 
•will study several variations of it with different types of tubes, etc. The 
r-f transformer T has been added to the detector. As we have already con- 
sidered the detailed theory of the tuned circuit and r-f transform^ in 
Articles 246 to 260, we will not repeat this. Also, the action of the vac- 
uum tube as an amplifier and detector was studied in detail in Chapter 
20 (from Art. 336, — on), so this will not be repeated again. (The reader 
is advised to review this material at this time if necessary, in order to 
better understand the work which is to follow.) 

To add a stage of t-r-f amplification to the detector, it is only nec- 
essary to couple the antenna circuit to the grid circuit of the amplifier 
tube by some device, such as an r-f transformer, and to couple the output 
or plate circuit of the r-f amplifier tube to the input or grid circuit of the 
detector tube. If the transformers are used for coupling, this means 
connecting the primary of the first transformer into the antenna circuit, 
and the secondary in the grid circuit of the amplifier tube. The secondary 
of each transformer is tuned by means of the variable tuning condenser as 
shown, to form a series resonant circuit. We wi^ now proceed with the 
explaimtion of the operation of this simple t-r-f circuit of Fig. 246 : 

Very weak r-f voltages are induc ed in the antenna by the passing radiations 
sent out by the broadcasting stations. The induced voltages cause currents of corres- 
ponding frequencies to flow up and down the antenna circuit between the antenna and 
ground (sinpe the antenna circuit is really a condenser circuit, see Fig. 177 it 179). The 
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antenna circuit contains a number of these si(?nal currents received simultaneously from 
various stations, and all having different frequencies. These currents, flowing through 
the primary coil of the first transformer, produce magnetic fields which link and unlink 
with the secondary coil and induce potentials of corresponding frequencies in it. This 
coil and its associated tuning condenser form a resonant circuit, the resonant fre- 
quency of which IS determined by the inductance of the ccil and the capacity setting of 
the condenser. The impedance or opposition to the flow of current of this frequency 
is very small, while the opposition to the flow of currents of all other frequencies is 
high. Therefore, the induced potential across its secondary which is of this resonant 
frequency, is able to send an appreciable amount of current at this frequency through 
the tuned circuit. This current causes corresponding voltage variations between the 
ends of the secondary or between the grid and filament of the amplifying tube. The 
varying plate current of the tube flows through the primary of the coupling trans- 
former T. This current is a pulsating direct current (because the plate current of a 
vacuum tube can only flow from plate to filament or cathode), having pulsations occur- 
ring at the frequency of the signal being received and varying in strength according 
to the modulation. The flow of this pulsating current through the primary of trans- 
former T produces a magnetic field which induces an alternating voltage in the second- 
ary, of the same frequency as the potential across the grid of the first tube, but of a 
greater amplitude. The steady flow of the “B” battery current through the primary 
to the plate has no inducing effect in the transformer, but as soon as it becomes inter- 
rupted or varied due to the signal, the magnetic field vanes accordingly, and an r-f 
voltage is induced in the secondary. (This is in accordance with the well known laws of 



Fl.g 246 — Left: sSinglp siaice of t-r-f amphncation 

Right. Single of l-r-f and detector with common fllainent and plate voltage 

aupplif^s 


electromagnetic induction.) This voltage acts between the grid leak and condenser 
terminal, and the filament of the detector tube, producing a pulsating direct current 
varying at the audio or modulation frequency in the plate circuit and the phones, where 
the amplified signal is reproduced in the form of sound waves. 

The real use of the couplinj^ transformer "T”, then, is to obtain an 
alternating voltage of radio-frequency across the grid circuit of a tube, 
from the pulsating plate current of the preceding tube. Obviously the 
higher this input voltage to the grid circuit of the second can be made, 
for a given value of pulsating current in the plate of the first tube, the more 
efficient the coupling and the louder will be the signals. Usually the trans- 
former is made to give a step-up in voltage by having a greater number 
of secondary turns than primary turn.s, although there are other factors 
which affect this. Also it is evident that the larger is the impedance of 
the primary winding of this transformer, the greater will be the amplifi- 
cation obtained from the r-f amplifier tube, since this primary forms the 
plate circuit' load for the tube (see Article 337). The use of the tuned 
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circuits results in additional gain due to the stronger voltage variations 
set up across the tuned circuit by the current flowing through it at reson- 
ance. 

The filaments of the two tubes are connected in parallel across the 
common A-battery with variable rheostats for adju.sting the filament cur- 



rent. The plate circuits are also connected in parallel across the common 
“B” battery, 45 volts being applied to the plate of the detector and 90 
volts to that of the r-f amplifier tube. 

351. Multiple tuned r-f: Since a single r-f amplifier stage would 
hardly provide sufficient selectivity or amplification for satisfactory recep- 
tion, more similar stages may be added to it. An additional stage con- 
nected to it is shown in Fig. 247. Theoretically, any number of amplifier 
stages (an amplifier stage consists of the amplifier tube together with its 
coupling device) , could be added, but in practice, the number is determined 
by the total amplification desired, the amplification produced by each tube 
and coupling device, and in many cases the selectivity desired, since this 
determines the number of tuned circuits to be employed. The simple five 
tube t-r-f receiver, popular for several years, employed two stages of r-f 
amplification, detector, and two stages of audio amplification. 

352. Resiatance-coupled r-f amplifier: The successive amplifier 
tubes in radio frequency amplifier stages can be coupled by resistances as 
sho<vn in Fig. 248. Here the variation of the plate current in the plate 

resistor R, produces across it a vary- 



ing voltage drop which actuates the 
grid of the next amplifying tube. It 
is necessary to introduce blocking 
condensers “C” to prevent the high 
plate voltage of each tube from being 
impressed directly on the grid of the 
following tube. The grid circuit is 
returned through the grid resistor Rj 
to the negative side of the filament or 


Fig. 241 — 2 atatft realatance-couplad r*f ampll-to thG n6fif&tiV6 tGrmindl of & C'b&t** 

fl«r and d«t«cior. proper grid-bias voltage. 
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The relationship between voltage and current is independent of frequency for a pure 
resistance, and therefore in the case of resistance amplification with a three-electrode 
tube the voltage amplification obtained would be the same for all frequencies if there 
were really no capacity or inductance anywhere in the plate circuit. But although 
the series resistance Rj may be made sufficiently free from inductance and capacity 
to ensure practically constant impedance over the range of frequencies likely to be 
encountered in practice, a comparatively large amount of capacity does exist between 
the plate and cathode of the tube itself; the plate and cathode constitute the two plates 
of a “small” condenser as shown in Fig. 224 and Fig. 249. 

Now, although no direct current will flow through a circuit having a condenser in 
series, alternating current can, and therefore a fraction of the pulsating plate current 
of the tube will flow in and out of the plates formed by this capacitance (the plate and 
the cathode) instead of all passing through the coupling resistance R^. Since the amp- 
lified voltage developed across R^ is proportional tp the variations in current through 
it, it follows that this by-passing of some of the current through the plate to cathode 
(or filament) capacitance will result in the pulsating voltage across Rj being less than 




Fig 249 — Left: How the plate-cathode capacitance of the amplifier tube acta as a shunt 

capacitance across the plate load 

Right: Tuned plate impedance coupling for r-f amplifier 

if no capacitance were present, and the efficiency of the arrangement as an amplifier 
is impaired for radio-frequency signals. The grid-cathode capacitance also shunts grid 
resistor Rj. 

The loss of amplification due to the inter-electrode capacitatice of the tubes does 
not become serious until the amplifier is used to amplify radio frequencies, since the re- 
actance of this capacitance is rather high at the low frequencies, and hence it does not 
act so much as a shunt. For this reason, this type of amplifier is generally unsatisfac- 
tory for use as an r-f- amplifier for short wave or broadcast band reception because of 
the high frequency and the large shunting effect of the plate-cathode capacitance. Resis- 
tance-coupled amplifiers give good results on long-wave reception at around 300,000 
cycles (1,000 meters) or less. At these comparatively low frequencies the tube capa- 
citances do not have such a great effect. However, all of the amplification in a resis- 
tance coupled amplifier is derived from the tubes themselves, no voltage step-up being 
obtained from the coupling device. This makes it necessary to employ a larger number 
of tubes for a given amount of amplification than when transformer coupling is used. 
Under modern broadcasting conditions, more than one tuned circuit would have to be 
used in an amplifier of this type in order to obtain the required selectivity. The resis- 
tance-coupled amplifier is especially useful where it is desired to amplify signals over 
a very wide range of frequencies without changing any of the apparatus in the circuits. 
For instance, an amplifier of this type can be designed to amplify signals from about 
1,000 meters to 20,000 meters without changing the parts in any way. 

As we shall see later when discussing audio amplifiers, resistance 
coupling lends itself to audio-frequency amplification, because by proper 
design of the amplifier the degree of amplification obtained can be made 
practically uniform over the whole of the range of audible frequencies, a 
desirable condition for high-quality reproduction from a receiver. It is 
for this reason that audio amplifiers in television receivers are almost 
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entirely of the resistance-coupled type since they must amplify a very 
wide range of audio frequencies. The resistance-coupled a-f amplifier 
will be studied in detail in Articles 432 and 433. 

Note: Another objection to the resistance-coupled amplifier is that in order to 
actually obtain a large proportion of the amplification factor of the amplifier tube, the 
plate coupling resistor must be of large value, (see (F) of Fig. 242). For instance, 
if the coupling resistor equals the a-c plate resistance of the tube, only half the mu of 
the tube is obtained. If this resistor is made of high resistance, the voltage drop 
(IpXRi) due to the plate current Sowing through it will be large, with the result that 
the voltage actually effective at the plate will be materially reduced. Of course, one 
remedy for this is to employ a B voltage supply device which will apply higher voltage 
to the circuit, but the cost of such devices increases very greatly as their voltage rating 
increases. As a compromise between these conflicting conditions, resistance amplifiers 
are usually designed with a piate load resistance of at least 3 to 6 times the a-e 
plate resistance of the tube, together with a B voltage supply at least equal to the 
maximum permissible actual plate voltage given in the manufacturer’s rating of the 
tube. 

353. Plate-impedance r-f coupling: Since the object is to con- 
nect as high an impedance as possible in the plate circuit of an amplifier 
tube in order to realize a large proportion of the tube’s amplification fac- 
tor, it has been thought at times that a coil having a rather low resistance 
and large inductance could be used in place of the resistance in the ampli- 
fier described above. This arrangement would be called plate impedance 
coupling. 

A coil having a large inductance has a high impedance at high frequencies, and 
if it is constructed so its ohmic resistance is fairly low, the voltage drop across it due to 
the cteady plate current flowing through it would not be very great, and normal B volt- 
ages could be used. Since it has a high impedance, any variations in the plate current 
flowing through due to an incoming signal, would produce large inductive voltage 
Vkriations across it, and these would be communicated to the grid of the next r-f tute. 
Here, as in the case of the resistance coupled amplifier, the plate-cathode and grid- 
cathode capacitances (see (A) of Fig. 249) become the factors limiting the possible 
amplification, due to partial by-passing of the varying plate current which would 
otherwise all flow through the plate impedance and produce useful voltage variations 
across it. In addition, the distributed-capacity existing between the individual turns 
of the coil also acts as a by-pass. The amplification will be reduced at all frequencies 
except the one at which the coil and the total coupled stray capacitance across it are 
resonant. At this particular frequency, a parallel resonance circuit forms, and since 
such a circuit presents a very high impedance to flow of currents of the resonance fre- 
quency through it, the tube is working into a high impedance at this one frequency 
and high amplification is produced. 

Tnis suggests the use of an arrangement whereby a parallel variably^ 
tuned circuit may actually be connected in the plate circuit and tuned to 
whatever frequency it is desired to receive. This is practical and will 
now be described. An impedance may be used when this type of amplifier 
is used for audio-frequency amplification as we shall see. 

354. Tuned-plate impedance r-f coupling: The arrangement for 
a t 3 rpical amplifier stage with tuned-plate impedance coupling is shown at 
(A) of Fig. 249. 

Here the inductance coil L is tuned to parallel resonance, at the particular fre- 
quency of the signal it is desired to recei/e, by means of the variable tuning condenser 
C. The tuned circuit offers a high impedance to the flow of current of the frequency 
of resonance through it, and so acts as a high impedance load in the plate circuit of the 
tube at this frjequency. Under this condition good amplification may be secured. When 
it is desired to receive the signals of another station broadcasting on a different fra- 
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quency, the variable tuning: condenser is adjusted to bring the circuit to resonance at 
this frequency and so on. Thus, maximum amplification is produced for the frequency 
to which the tuned circuit is resonant. Of course the tube amplifies all other signals 
as well, to a degree depending upon the impedance which this parallel circuit offers at 
this frequency. It is therefore necessary that this circuit tune sharply in order to 
obtain good selectivity, so that its impedance to the frequencies of all unwanted signals 
will be much lower than that to the frequency of the wanted station and therefore the 
amplification of the tube at these other frequencies will be low. 

Actually, the condenser C is not the only capacitance across the tuning inductance 
L. Another small condenser Cpe, (shown dotted), due to the capacitance between the 
plate and cathode of the tube is actually shunted across the coil. It will be remembered 
that this is the condenser which caused the shunting action across the load in both the 
resistance and impedance-coupling circuit schemes. Since this capacitance is now 
really in parallel with the tuning condenser D, it means that the exact capacity setting 
of C necessary to tune Coil L to resonance at a given frequency, is leally slightly less 
than the formulas for resonance indicate, by an amount equal to this plate-cathode capa- 
citance. 




Fig 250 — Ltft: Platc-autoformer coupling in an r-f amplifler 

Right: Grid-autoformer coupling with parallel-feed plate supply 

Since fairly low resistance radio-frequency inductance coils are easily constructed, 
and since the effective impedance of a parallel tuned circuit may be made very hig^ 
at resonance, by using a large inductance of low ohmic resistance value (effective values 
as high as 100,000 ohms or so are rather easy to attain), fairly good amplification may 
be obtained by this arrangement. However, the selectivity is rather poor due to the 
fact that the plate resistance of the tube is really shunted across the tuned plate circuit 
(if we consider the circuit from the point of view of the latter), thus lowering the 
effective impedance. Tuned plate coupling is especially advantageous when screen 
grid tubes are employed as the r-f amplifiers, because since screen grid tubes have 
rather high a-c plate resistances (400,000 ohms for a '24 type screen-grid tube as com- 
pared to only 9,000 ohms for a *27 type tube) it is necessary to use a plate circuit load 
of high effective impedance if much amplification is to be obtained. The use of a 
parallel tuned circuit is one of the most convenient ways of obtaining this high imped 
ance. A typical tuned-plate circuit r^f amplifier stage with screen-grid tubes is shown 
at the right of Fig. 249. From the end of the impedance leading to the plate of the 
tube, a lead runs to a blocking condenser C, the other side of which is connected to the 
grid of the following tube. The variations in voltage across the impedance cause 
electron flows which are communicated around through the B battery circuit and grid 
leak resistor R to the other plate of the blocking condenser and the grid. The blocking 
condenser serves the purpose of preventing the high direct positive plate voltage of the 
first tube from being impressed directly on the grid of the following tube, as it would 
if the top of the tuned circuit were connected directly to the grid of the second tube. 
This condenser may be of about .001 mfd. capacitance for an r-f amplifier. 

A serious disadvantage of this method of coupling is that there is a 
strong tendency to oscillate, due to feedback through the grid-plate capa- 
city of the vacuum tube when the plate circuit is tuned to resonance (unless 
screen-grid tubes with their very small grid-plate capacity are employed). 
This tendency is especially strong in multi-stage amplifiers. It can be 
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reduced by various stabilizing methods, but these reduce the obtainable 
amplification. However, this type of coupling can be used to good ad- 
vantage with screen-grid tubes. Also, all of the amplification is produced 
by the tube itself, no step-up in voltage being produced in the coupling 
circuit between successive tubes as is the case with properly designed 
coupling transformers, where there may be a step-up in voltage from the 
primary to the secondary. Another disadvantage is that as the movable 
condenser plates are at 4-B potential (since they connect to the positive 
terminal of the B voltage supply) the rotor plates and condenser frame 
mu.st be insulated carefully from the grounded metal shielding usually 
employed in this type of amplifier This can be taken care of, but it com- 
plicates the set construction somewhat. 

355. Auto-transformer coupling: In the straight tuned-plate im- 
pedance coupling shown in Fig. 249 the tuning is rather broad, even when 
good tuning coils having low ohmic resistance are employed. If, however, 
the coil and condenser are connected as shown at the left of Fig. 250, the 
selectivity will be greater; The tuning coil really acts as an auto-trans- 
former now : 

The plate current of the tube rtows up from the lower end and out of the tap to the 
plate. This part of the windinj? is therefore the primary of the transformer. The 
varying plate current flowing through this, induces a higher voltage in the secondary 
which consists of the entire coil. The primary and secondary voltages will be 180 
degrees out of phase, in accordance with the theory of ordinary transformer action. 
The inductive coupliag between the primary and secondary parts of the winding (for 
the same«nuniber of primary turns) is gieater in this type of coil than in one having 
a separate primary and sec(»ndary. hence a greater plate circuit impedance is built up 
with a relatively small numoer of turns, resulting in greater overall amplification. The 
s<?iectivity of this arrangement is good, but the fact that the tuning condenser plates 
are at the high potential is a disadvantage. This is known as plate auto-trana* 
former couphvij In the grid aHtn-transtormi r coupled circuit shown at the right, this 
disadvantage is removed by connecting the auto-transformer L with its tuned secondary 
m the grid circuit and coupling it to the plate circuit by a high resistance R and a 
coupling condenser C of ahf)ut 001 mfd. or so. The position of the tap on the tuning 
coil determines what propoiiion ol the entire coil acts as the primary, and therefore 
this affects the voltage step up in the coil. However, the few'er the number of turns 
included between the bottom and the tap, a^ the primary, the smaller is the impedance 
being placed in the plate circuit of the tube and therefore the less is the amplification 
derived from the tube. Conseiiuently, if the tap were moved down step by step, the 
selectivity would increase as the number of turns actually included m the plate circuit 
were reduced. A point is reached however, where further lowering of the tap pro- 
duces considerable overall decrease in amplification. 

356. Parallel-feed plate supply: In the circuits shown in Figs. 
246, 247, 249 and the left of Fig. 250. the direct plate current of the tube 
flows directly through the tuning coil. In the circuit at the right of Fig. 
250, this current flows through the resistor R. So far as any steady direct 
plate current flow through R is concerned, it has no effect on the coil. How- 
ever, when any variation in the plate current occurs due to a signal, the 
variation in voltage drop through the resistor is communicated to the coil 
circuit by means of the blocking condenser C. This connection is known 
as parallel- feed plate supply, because the direct plate current does not flow 
through the coupling unit, but rather through a separate parallel circuit 
employed for that purpose. 



628 


RADIO PHYSICS COURSE 


A choke coil having low distributed capacity is usually employed in place of re- 
sistor R in practice, so that the voltage drop due to the passage of the steady plate 
current is not excessive. Parallel-feed plate supply can also be used in transformer- 
coupled audio amplifiers, as we shall see later, in order to eliminate the effects of core 
saturation which might be caused by the steady direct plate current flowing through the 
primary of the transformer. At (A) of Fig. 251 the use of an r-f choke coil (an induc- 
tance of about 85 millihenries) for parallel-feed in an auto-transformer coupled 
r-f stage is shown; and the arrangement in a transformer-coupled audio amplifier 
stage is shown at (C). A larger size of coupling condenser and choke coil is needed in 
the case of audio amplifiers, as shown, on account of the lower frequency The coup- 
ling condenser is usually of .25 mfd., and the choke of 30 henries inductance. For a 
radio-frequency amplifier, a choke of 85 millihenries is usually employed with a 
coupling condenser of from .001 to about 005 mfd. 

357. Selectivity of multiple stages: The selectivity (measure of 
the ability of a receiver to suppress the signal impulses of all unwanted 
stations) of a radio frequency amplifier depends on the number of tuned 
stages, and the selectivity of each stage. The first factor is illustrated at 
the left of Fig. 252. 



Fig 251--F^ar.'iIlPl-feed plate supply systems (A) and (B) for an r-f amplifier. 
(C) for an audio amplifier 


Let curve A represent the response curve of a single tuned r-f stage, that is, the 
height of the curve at any point represents the *‘per cent of the amplification at reson- 
ance" which IS obtained at the frequency corresponding to that point. The receiver is 
supposed to be tuned to resonance at 600 kc. Then, a signal having a frequency 5 kc 
off resonance (above or below the frequency of resonance), is amfuitied about 90 per 
cent as much as one of the resonance frequency, — which is taken as 100 per cent. A 
signal having a frequency 10 kc off resonance is amplified only 81 per cent as much as 
the signal to which the circuit is tuned, etc. Now if another stage with characteristics 
exactly identical to the first is added to it, the selective action shown by curve B is 
obtained. This can be understood from the fact that if for a signal of a certain fre- 
quency off resonance the first tuned circuit reduced the strength to 90 per cent, then 
the second tuned circuit would reduce the strength to 90 per cent of what came through 
the first stage, i.e., 90 per cent X 90 per cent, or 81 per cent. A third tuned stage 
would reduce it to 81 per cerit X 90 per cent, or 73 per cent. A fourth tuned stage 
would makt‘ it 73 per cent X 00 P^r cent, or G6 per cent, etc. Reference to the curves 
at a point 5 kc off re.sonance, shows the selective action referred to above. Under these 
conditions of selectivity, a signal voltage whose frequency is 5 kc off resonance, is only 
amplified 66 per cent as much as that of a signal of the frequency to which the circuits 
are tuned. 

The illustration at the right of Fig. 252 .shows in a pictorial way how 
the signal strength is increased and the width of the frequency band 
passed through is decreased, as the number of tuned r-f stages are in- 
creased. Starting at the antenna circuit at the left, the undesired signals 
are reduced somewhat by the first tuned circuit, then all signals are ampli- 
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fled by the vacuum tube to a greater strength (as shown by the higher 
curves) , then the next tuned circuit further reduces the strength of the un- 
desired signals, etc. It is obvious that the tuning of each stage must be de- 
signed to be broader than that desired from the amplifier as a whole, due to 
the successive reducing action of the various tuned circuits. It should be 
remembered that the selectivity is gained entirely by means of the tuned 
circuits, none whatever is obtained from the vacuum tube, because a 
vacuum tube will amplify without discrimination, voltages of any fre- 
quency applied to its grid circuit. It is evident, then that in ordinary 
tuned r-f amplifiers, sharp tuning may be obtained by employing a number 
of tuned stages and amplification is obtained by using a number of ampli- 
fier tubes. Under present broadcasting conditions with powerful stations. 




Flar 252— Left Why several tuned circuits in cascade Increase the selectivity by successively 
reducing the strength of the unwanted signals 

Right Pictorial representation of how several tuned stages amplify, and sharpen 
the tuning 

a single tuned circuit is unable to sufficiently weaken the signals of un- 
desired local stations to make them inaudible. In practice, a number of 
such stages must be used to obtain the necessary selectivity to be able to 
completely eliminate the signals of all other stations when listening to any 
one station. 

358. Desirable shape of tuning curve: It would seem from this 
discussion that it is very desirable to obtain an overall tuning curve which 
is very narrow and steep, somewhat as shown by curve A at the left of 
Fig. 253. A tuning characteristic like this would mean that only the sigrnal 
currents of the station transmitting with a carrier frequency equal to that 
to which the tuning circuits were tuned, would be allowed to pass through 
the amplifier freely, the signals of stations of ail other frequencies would 
be very greatly reduced in strength by the high impedance offered to their 
flow by the series tuned circuits. Actually, a tuning curve as sharp and 
peaked as this is undesirable from the standpoint of good audio-frequency 
reproduction as we shall see. 
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In order to obtain a sharp tuning characteristic like that of curve A, the tuned 
circuits must have low a-c resistance. The a-c resistance of a good isolated 
tuned circuit can be made as low as 10 or 12 ohms at a frequency of 1,500 kc. (200 
meters wavelength). However, its resistance when placed in an actual receiver de- 
pends largely upon what circuit and objects are brought near its magnetic field. The 
associated circuits may consist of coupled primaries, and the input circuits of vacuum 
tubes which are connected directly across the tuned circuits. The mechanical things 
include metal end-plates of condensers, shielding, etc. From the standpoint of signal 
strength and selectivity alone, all these factors should he controlled so that a low re- 
sistance results in the tuned circuits. However, the lesistance can be made so low. 
and the tuned circuits made to tune so sharp, that an undesirable effect is produced. 
This is known as cutting sidebands. Curve A of Fig. 253 has purposely been drawn 
very sharp to illustrate this condition. The frequency of resonance is assumed as 
600 kc. 

Consider that a musical selection is being played in a station trans- 
mitting at 600 k. c. (500 meters), and that the signals of this station are 
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being picked up at the receiving station and are impressed on the tuned 
circuit whose characteristic is repre.sented by curve A at the left of Fig. 
253. Although many of the larger broadcasting stations are equipped to 
transmit all audio frequencies up to 10,000 cycles, the fact that most radio 
receiving equipment in general use at the present time is not able to re- 
produce sounds above 5,000 or 6,000 cycles, and also the fact that many 
stations located in the same vicinity are asisigned to transmit with carrier 
frequencies only 10 kc different from each other, has resulted in their 
transmitting only those sounds between about 40 and about 5,000 or 6,000 
cycles. We will consider for our discu.ssion that the upper limit is 5,000 
cycles. 

Therefore at the broadcasting station considered, the 600,000-cycle carrier current 
wave IS modulated by the audio-frequency currents ranging from 40 to 5,000 cycles. 
Consider first that only a 5,000-cycle note is being played by the orchestra. This 5,000- 
cycle audio current then combines with the 600.0()0-rycle earner current producing two 
additional currents, one having a frequency equal to the “sum” of the.se two (605,000 cy- 
cles), and one having a frequency equal to the "difference” of these two (595,000 cy- 
les). see (B) of Fig. 253, and Arts. 383 & 384 Therefoie. to receive this note, the r-f 
amplifier must pass these two currents through it with equal strength. You will notice 
that they differ in frequency by 10,000 cycles, or 10 kilocycles. Now if a 3,000-cycle note 
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is played, the carrier wave will contain a 603,000-cycle note and a 697,000-cycle note 
and the amplifier will have tc amplify these equally. It can be seen that if the entire 
range of musical frequencies is being covered at once by the orchestra there will be 
present a carrier wave covering a band of frequencies from 605,000 cycles to 596,000 
cycles, and in order to secure faithful reproduction at the receiver, every one of these 
frequencies must be passed through the r-f amplifier and amplified equally. If any 
frequency is suppressed in the amplifier,* then that note will not be reproduced in the 
loudspeaker, and the music will not be a true reproduction of that played in the broad- 
cast studio. This condition would occur if the frequency response of any one tuned 
circuit or of the entire r-f amplifier were as shown by curve A. All the frequencies 
to 5 kilocycles above the earner and the 5 kilocycles below the carrier (10 kc. alto- 
gether) constitute what are known as the ** sidebands,** 

It IS evident that in this case the response for the 595 and 605 kc. sidebands (5,000 
cycle audio note) is only 20 per cent as large as the response of sidebands near the 
resonance frequency. Therefore this high 5,000-cycle note would be heard very weakly, 
if at all, in the loudspeaker. Other notes lower than this would be suppressed in 
varying degrees as shown. This frequency response i^ evidently too sharp for good 
audio quality reproduction. 

Tuning characteristics represented by curve B would be more nearly ideal, since 
the response at 595 kc. is 90 per cent of the response at resonance. Curve C is ob- 
viously a further improvement in this respect. However, curves B and C indicate broad 
tuning with poor selectivity and consequent danger of station interference. It can be 
seen that with this type of tuned circuit some compromise must be effected. Some 
compensation for the loss of the high frequency notes du6 to cutting of side bands 
by over-selective tuning circuits can be secured in the audio amplifier and reproduced 
by designing this to have a rising characteristic at the high frequencies. This means 
selecting the audio and reproducer units to match the operating characteristics of the 
r-f amplifying system. 

Obviously the ideal response curve would be that shown by the dotted lines at D. 
This tuning curve has straight vertical sides, a flat top, and is 10 ke. wide. Since 
the peak of the wave is no greater at the carrier frequency than at 5 kc. above or below 
the carrier, equal transmission is obtained on all frequencies within the 10 kc tide- 
band range. 

, Frequency response, or tuning curves, approaching this can be ob- 
tained in several ways by means of band-pass filters, coupled circuits, or the 
special Vreeland and Hopkins circuits which will be described. The actual 
existance of the sideband frequencies mentioned above has been questioned 
by many authorities since from the physical point of view, the modulation 
which takes place in the broadcasting station is amplitude modulation of 
the carrier current. How^ever, whether we fully accept the idea of the 
existance of the sidebands or not, the fact remains that it helps consider- 
ably in explaining some phases of tuning circuits. At any rate, the fact 
that circuits which tune too sharply will suppress the high-frequency audio 
notes issuing from the loud speaker, can be demonstrated experimentally, 
so the facts remains that the tuning circuits should not be made too selec- 
tive if good tone quality is to be preserved. We will now proceed to a 
study of several circuit arrangements which are employed to obtain a tun- 
ing curve which approaches the steep-sided flat-topped curve of D. 

It is interesting to note that strictly speaking, the ordinary simple tuned circuit 
is really a band-pass Alter passing a rather limited band of frequencies. The broader 
is the tuning of such a circuit, due to resistance, etc., the wider is the band passed, as 
will be seen from curves B and C at the left of Fig. 253. The objection to this form 
of circuit is of course that if it is made to tune broadly enough to pass a band of 10 ke. 
without reduction in strength, it will also pass many more frequencies above and below 
this (see curve C) because tne sides of its tuning curve are not straight. What we 
desire is a tuning circuit able to transmit without reduction a band of frequencies 
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about 10 kc. wide, and to sharply cut oft all frequencies above and below the band, as 
shown by curve D. 

359. Hopkins band rejector system: In the Hopkins band re- 
jector circuit arrangement, a band-pass effect (see Article 187 ) is ob- 
tained and all frequencies above and below the band are suppressed or 
rejected. This circuit is particularly adapted for use with screen-grid 
amplifier tubes because it places a high impedance load in the plate circuit 
of the amplifier tubes. A description of this circuit, developed by Mr. 
Charles L. Hopkins, follows : 

**The Hopkins circuit is actually an impedance-coupled amplifier in which the im- 
pedance of the output circuit of one tube is common to that of the input circuit of the 




Fig. 254 — Hopkins band rejector system With the circuit at (A), the tuning response at 
(B) is obtained With the circuit at (C), the tuning response at (D) is obtained 
This is the exact opposite of (B). 

succeeding tube. Of course, one object of the amplifier is to produce as much increase 
in the voltage impressed upon the grids of successive tubes as possible, and in order 
to do this it is necessary that the voltage drop across the elements of the external 
plate circuit be as great as is consistent with stable operation. 

With screen-grid tubes the high plate resistance makes it necessary to greatly 
increase the impedance of the external plate circuit, over that necessary with the -27 
type, in order to create a high voltage drop for impression upon the grid of the follow- 
ing tube. A parallel resonant circuit, of the type sometimes called a wave-trap, is em- 
ployed as the best means for supplying the high impedance, in spite of the fact that 
such a system, as usually employed, presents problems due to the tendency of such cir- 
cuits to oscillate and become decidedly unstable when as many as three stages are used. 

A form of coupling mean.s which may be used in the Hopkins system is shown at 
A of Fig. 254. The plate circuit is seen to consist of a combination of a choke coil in 
series with a parallel tuned circuit, with the plate return through these impedance ele- 
ments and a fixed condenser. The fixed condenser, 1, between the plate of the first tube 
and the grid of the second, is for the sole purpose of i.'^olating the grid from high plate 
voltege. A leak, R, is provided to prevent blocking of the second tube. The choke coil, 
designated as 5 in the diagram, is so designed that it has a large value of inductance 
with a very small distributed capacity. At the .same time the capacity is sufficient to 
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tune the circuit to a frequency much lower than the frequency used in the amplifier, 
80 that the choke acts as a capacitive reactance to this frequency, and functions as a 
very small condenser; that is, a condenser havini^ high capacitive reactance. 

Two fundamental electrical laws enter into the analysis of the working of this system. 
The first is that when a capacity and an inductance are in series and the reactances 
are mutually balanced (circuit is in resonance) at some particular frequency, the cur- 
rent at that frequency meets with no impedance other than the ohmic resistance of the 
circuit, and consequently no voltage drop will occur across them. The second law is 
that when a circuit, such as that incorporated in inductance 4, and condenser 3, is 
brought into parallel resonance at a certain frequency, there is no reactive impedance 
at that frequency, but the ohmic resistance is extremely high. 

Now, if the trap circuit comprising the inductance 4, and capacity 3, is tuned 
slightly higher than the frequency of the radio signal, the impedance across the circuit 
becomes highly inductive, and, if it is tuned slightly lower in frequency, the impedance 
becomes highly capacitive. The combination of elements in the plate circuit, when 
arranged as shown, therefore offers to the amplifier plate current either inductive reac- 
tance, capacitive reactance, or series resonance (no reactance) because of the fact that 
one of the elements is variable. 

Due to the fact that the adjustment may be such that the reactance of the plate 
circuit cancels out, there will be a frequency at which there is no voltage drop and 
consequently no voltage swing impressed on the grid of the second tube. In other 
words, the signal may be shorted out or shunted back to the input of the first tube. 
Under these circumstances the ohmic resistance of the choke coil, the only remaining 
coupling impedance, would not be sufficient to afford a voltage drop great enough to 
pass the signal to the following tube. At the same setting of the tuning element there 
will be another frequency at which the trap circuit offers extremely high resistive im- 
pedance, and the voltage drop across the trap is all impressed on the succeeding grid. 
The form of the response curve obtained by adjusting the capacity of the tuning con- 
denser is shown at (B). It is evident that the impedance of the plate circuit is very 
high at the setting that gives the peak in the curve, so that a high voltage amplification 
is obti^ined. 

It will be seen that with the arrangement of (A) signals of one frequency are 
passed along to the second tube, while signals of another and higher frequency will be 
shorted out, or shunted back. There is thus provided a circuit which has a high degree 
of selectivity on one side of the desired band of frequencies, but, because of the non- 
symmetrical shape of the curve has a less than normal degree of selectivity on the 
other side. Therefore, the system must include a circuit to give a means for elimina- 
ting stations on the other side of the band. 

A circuit arrangement which gives a curve which is the reverse or complement 
of the curve is shown at (C). Here again we shall consider the tubes as the first and 
second, although they are actually the second and third tubes of the circuit. Note that 
the resonant circuit 7-8, and the choke coil 9, are connected as at (A), except that 
their relative positions are reversed. The lead to the grid of the second tube is taken 
from the common connection between the trap circuit and the choke, instead of from 
the plate of the first tube, as in the previous stage. Here it is the voltage drop across 
the choke, 9. that is impressed on the second tube. 

If the adjustment of the trap is such that its reactance is inductive, it is apparent 
that it will tend to cancel out the capacitive reactance of the choke coil in the same 
manner as discussed in connection with the circuit of (A), but it is fundamental that 
when a capacity and an inductance are brought into series resonance for a given fre- 
quency, a very great voltage drop occurs across either of these reactance elements. 

If the circuit shown at (C) is set up and the condenser is rotated, the signal 
strength will change in just the same manner as it did in the case of the arrangement 
shown at (A), except that the steep cut-off occurs on the other side of the “hump”. 
The curve for this second stage is shown at (D). In this case the reason for the drop 
in the response curve is that the trap circuit 7-8 blocks or rejects signals of the fre- 
quency to which it is tuned. The parallel tuned circuit, instead of being in a path which 
is common to the plate circuit and the grid circuit, is in but one of these circuits, and it. 
therefore, prevents the signal current from flowing in the choke. As a consequence of 
this trapping action there is no current in the common impedance element (the «'hoke) 
and, therefore, no volUge drop to be impressed on the next tube. 
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\ Superimposing the curves shown at (B) and (D), one upon the other, the resulting 
curve will be as shown at (E). The portion of the spectrum which is transmitted 
through the tubes is seen to form a comparatively straight-sided, narrow band. The 
width of the band or channel can be narrowed or widened by adjusting the setting of the 
condenser, 7. Experiments have shown that the band can be made so narrow that the 
quality of the reproduction is greatly impaired by side-band trimming, to such an 
extent, in fact, that a violin can nearly be tuned out due to the narrowness of the band, 
which Vill not allow the higher frequencies of the violin to pass through. Therefore, 
it will be seen that it is readily adjusted so as to obtain ten kilocycle station separation. 
The shape of the curve of (E) shows that an adjustment for band width of 10 kc. will 
afford extremely high rejectivity for channels on each side of the desired one. It will 
also be seen that the top of the curve maintains practically the full band width, which 
means that the fidelity will not suffer even with great station separating ability. 



Fif 255— The circuit of a four lube tuner employing three stages of tuned r-f . two of 
which employ the Hopkins band-pass sy.stem described, while the antenna stage 
makes use of a standard pre-selector circuit 

This system for securing station separation may be used in t-r-f receivers and in 
superheterodyne receivers. It will be understood that in t-r-f sets the condensers 
which tune the trap circuits are ganged to tune together over the broadcast band, 
whereas in a superheterodyne, using this system in the i-f stages, these stages are 
set permanently so as to give the desired band width. 

Evidently, when the amplification of the stages is taken into account, the response 
curve of the two stages combined will be somewhat different from what is shown in 
the curve at (E). The figure at (F) shows what might be expected from two stages, 
and it will be seen that the cut-off at each side of the signal becomes steeper as the 
high part of the curve goes up. The low or no-signal parts of the curve remain fixed 
at the same distance from the signal frequency, regardless of the amplification or the 
strength of the signal. This is because the low points A and B are positioned by the 
wave traps, and these points cannot be moved apart or nearer each other by changes 
in signal strength. 

It will be seen that we have here a means for eliminating undesired signals which 
are on frequencies close to the frequency of the desired signal, and that strong signals 
do not broaden the response curve, but merely raise it. 

At points on the curve of (F) somewhat distant from the frequency of the desired 
signal the curve rises to perhaps one-third or one-half of its height at the signal fre- 
quency. In the sets which are built using two stages such as shown and described 
above, one or more additional tuning circuits of the usual types are usually employed 
When the input to the first tube is tuned in the usual way frequencies somewhat re- 
moved from that of the desired signal are "tuned out" ahead of the first tube, while 
those close to the desired signal are prevented from passing through the receiver by 
being trapped or rejected in the amplifying stages. In some cases it has been found 
practical or advisable to employ a band-pass type of tuning ahead of the first tube." 

Fig. 255 shows a circuit diagram of the r-f amplifier and detector 
of a practical receiver employing the Hopkins band rejector system and 
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using a-c screen-grid tubes in the radio-frequency stages, these tubes 
being of the indirectly-heated cathode type. In this particular set, there 
is sufficient amplification ahead of the detector to permit the use of but one 
audio-frequency stage. In this receiver it will' be noted that double tuning 
is used ahead of the first tube. The two coils a and b are shielded from 
each other, the coupling between the two tuned circuits being given by the 
fixed condenser C which is common to both tuned circuits. A leak resistor 
is provided across the condenser to prevent blocking of the grid of the 
tube. 

“The grids of the radio-frequency tubes are biased by means of the resistors d 
between the cathode and “B” minus or ground, as usual with heater-type tubes. In the 
plate circuit of the first tube is located a choke coil e, with a small variable condenser / 
connected across it. The purpose of this condenser will be explained later. In series 
with the choke coil is a trap consisting of coil g and condenser h. The connection to 
the grid of the second tube is made through a fixed blocking condenser i. The condenser 
is connected directly to the plate of the first tube. A grid leak k is provided because 
the condenser i would otherwise block the grid. The screen grid of the first tube m is 
connected to line n through a resistor o. The screen grids of the other radio-frequency 
tubes are also connected through resistors to this line, and a potentiometer p controls 
the voltage applied to the screen grids and acts as a volume control. 

The condenser / is usually placed on the shaft of the tuning condensers and thus 
forms a part of the gang, but if more convenient it may be placed at some point distant 
from the condenser gang and operated by means of a belt or link movement. This con- 
denser turns in. so as to increase in capacity, as the set is tuned to longer wavelengths. 
It will be remembered that choke coil e acts as a small condenser. It has been found 
that in order to maintain the shape of the response curve the same at all wavelengths 
to which the set may be tuned, it is necessary to add extra capacity across the choke 
as the set is tuned up the scale, that is to say, to longer and longer wavelengths. 

Going now to the plate circuit of the second tube, it will be seen that the arrange- 
ment is the same a.s that .shown at (C) of Fig. 254. The response curve of this stage 
\y Itself would be the same as at (D). The coupling means employed between the third 
radio-frequency tube and the detector may be the familiar tuned-impedance coupling, 
or It may be of an untuned impedance type or it may be the usual tuned secondary with 
untuned primary. The detector and audio amplifier need no explanation, as they may 
be of conventional types, 

(G) shows the overall response curve of the complete receiver. With the input to 
the detector tuned as shown, the curve tends to become somewhat peaked at the top, but 
not to such an extent as to noticeably impair the tone quality. As has been pointed 
out, the system of band-pass tuning as described here is applicable not only to t-r-f 
receivers but also to superheterodyne construction.” 

360. The band selector: The purpose of the band-pass filter or 
band selector is to present a low impedance to, and allow the passage into 
a circuit of, currents of a narrow- band of frequencies which it is desired 
to receive ; and to offer a high impedance to, and exclude all others, wheth- 
er higher or lower than the limits of this band. The general theory of 
ordinary band-pass filters or selectors was explained in Article 187, and 
formulas for their de.sign were given there, but since the band-pass tuners 
or filters, employed -n t-r-f and superheterodyne receivers differ some- 
what in form from these, they will be considered here. We will consider 
the form used in some t-r-f receivers first. 

In the ordinary band selector, two tuned circuits are loosely coupled by 
means of a small mutual inductance or a rather large mutual capacitance. 
The element's of the circuit are arranged according to the general circuit 
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at (A) of Fifir. 256. The tuning roil and condenser LiCi are tuned to the 
same frequency as similar coils and condenser LsCj- M is the mutual 
coupling reactance, which in this case is a small coil, but as we shall see 
later this may be a condenser, or simply magnetic coupling between the 
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coils, etc. The input voltage E may be introduced by coupling Li by means 
of a primary coil as shown at (A), or by connecting Li directly in the 
plate circuit of the amplifier tube as shown at G of Fig. 257. The output 
may be taken directly from L 2 or C 2 , or by inductive coupling from the 
circuit of Lo. Inducing a voltage in Li is comparable to placing the voltage 
in series with the coil, so that the equivalent circuit is as shown at (B), 
with the a-c generator G in series with Li, supplying the input voltage. 

A study of this diag^ram will reveal why the band-pass effect is obtained. Even 
though coils L| and Lo are similar, and C| and Co may be set at exactly the same 
capacitance, the circuits in which they are placed are not tuned to exactly the same 
frequency aimply because these circuits are not similar, due to the mutual coupling in- 
ductance or capacitance M, in the circuit. 

The theory of all these filters is the same. One resonance frequency is determined 
by the circuit disregarding the coupling device. For example, in (A) the first maximum 
is determined by the two inductances L, and L._, connected in series and the two capa- 
cities C| and C2 connected in series. The circuit then consists of L,, Lo, Cj and Cj. 
The resonance point determined by these four impedances is exactly the same as that 
determined by one L and one C. The reason for this, is that the inductance of the two 
similar coils in series is twice the inductance of either coil, and the capacity of the two 
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equal condensers in series is equal to one-half the capacity of either. The second reson- 
ance frequency is determined by each half of the circuit in which the common or coupling 
impedance enters. For example, in (A) the second resonance frequency is determined 
by L 21 Co. and M. Evidently this resonance frequency differs from the first one and will 
be more and more different as the coupling impedance M is made larger and larger. 

We may make use of the reactance diagrams for the two parts of the circuit to 
find out just what happens in it for input voltages of various frequencies. It will be 
remembered from Article 175 and Fig. 116, that a reactance diagram shows how the 
reactance of an inductive or capacitive circuit varies as the frequency is changed. For 
any given similar settings of the tuning condensers C, and C.,, which in the case shown 
corresponds to a resonance frequency of 1,000 kc, the reactances of the inductance 
and capacity elements are calculated, plotted and combined to obtain the total re- 
actances Xj and Xj of the circuits Lj Cj and Lo Co respectively. Inductive reactance, 
equal to 2nflj, is directly proportional to the frequency and when plotted for Lg at (C) 
is a straight line (X^g) through the origin. For capacitive reactance, the inverse 
relation V4jtfc gives rise to the curve X ^2 condenser Cg. Since these two elements 
Lg and Cg are in series, their resultant reactance is obtained by adding algebraically 
the two curves, which determines the curve Xo. Curve Xg indicates the well known 
series tuned circuit action; at the frequency to which the current is tuned, the reactance 
drops to zero. 

In parallel with the branch is the mutual reactance M, an inductance in this 
case. When elements are in parallel, the total susceptance is obtained by adding alge- 
braically the individual susceptances, where any susceptance is given by the reciprocal 

1 

of the corresponding reactance; that Is, susceptance, Y, is equal to — . The reactance 

X 

of M js a positive, straight-line function of frequency; when plotted as susceptance, it 
takes the inverse form of Ym in (D). The susceptance of the **2" branch is derived 
from the Xg curve of (C). Where this reactance became zero at 1,000 kc, the sus- 
ceptance goes to infinity. The sum of the two susceptances shows the curve YS the 
total susceptance for the combination of M, Cg, and Lg. The construction shows that 
at 1000 kc the susceptance is infinity, and at a slightly lower frequency is zero; or, at 
respective frequencies, the reactance X^ for the combination is zero, and infinity. The 
remaining circuit elements are C| and L|, which are in series with the MCgLg combina- 
tion. The reactance curve for L, and C|, in series, is X|, similar to that for CgLg. 
Adding both series reactances yields the final overall curve, X, for the reactance of the 
band selector, which is drawn by itself for clearness at (F). The curves are plotted 
for a rather large mutual inductance, which is many times the actual inductance neces- 
sary in the common branch. If plotted for a smaller inductance, the points of zero and 
infinite reactance would merge indistinguishably close. As can be seen from (F), the 
reactance is zero at two values of frequency close together. At a frequency in between 
these, the reactance goes to infinity, and if reactance alone were considered, the current 
at this frequency should be zero. However, the resistance which is unavoidably present 
in the circuit limits the impedance so that it can never go to infinity, just as it can 
never go to zero. The consequence is a smoothing out of the current curves so that 
two resonant peaks occur at the points of zero reactance, and a more or less pro- 
nounced dip between them at the point of infinite reactance. The proximity ^of the 
peaks is determined by the value of the mutual impedance, or putting it another way, 
by the closeness of the coupling. As the value of the mutual inductance is increased, 
for any given frequency value, the coupling impedance goes up, and the peaks spread 
further apart as shown at (C), (D) and (E) of Fig. 257. On the other hand, increasing 
the capacity, when such is the common reactance, lowers the value of the coupling and 
the peaks come closer togetjier. That changing the value of the common reactance 
changes the width of the selected band may be seen from the reactance curves. At (D) 
the point of zero susceptance, at fj, is determined where the susceptance of M is equal 
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and opposite to the susceptance of the CjLj branch. The higher the susceptance of M, 
the closer this point moves into the frequency f j, and the narrower becomes the overall 
width of the selected band. 

Because the band width varies with the value of the mutual reactance, for any 
^iven couplinfir inductance or capacity, the band width will vary for different broadcast 
carrier frequencies. Suppose the coupling has been adjusted for the desired band width 
at one particular carrier frequency; the band will be wider or narrower at higher or 
lower carrier frequencies, respectively, if the mutual reactance is a coil, — vice versa 
if a condenser — for the reason that the value of the reactance varies proportionally 
with the frequency. The voltage must be introduced m as shown. 

At (G) of Fig. 256, is showm the sharp peaked tuning curve (dotted) produced by 
a single sharply tuned circuit of the ordinary type. The solid curve shows the char- 
acteristic almost flat-topped curve 10 kc wide produced by a well-designed band 
selector. 

In the band selector system described above, the two tuned circuits may be coupled 
together by an inductance as at (A) of Fig. 256 or they may be coupled by a condenser 
M as at (A) of Fig. 257 The degree of coupling is changed by changing the capacity 
of condenser M. Making this smaller, increases the capacitive reactance, and this 
makes the response curve broader due to the increased coupling, i.e., the peaks are fur- 
ther apart as shown at (B), (C), (D) etc. The closer the coupling, the further apart 
are the peaks and the greater is the dip between them. The opposite effect is secured by 
making the capacity larger. The reactance of a coupling coil increases with increase 
of frequency while that of a coupling condenser decreases with increase of frequency. 
Therefore the tendency of a coupling coil is to broaden the tuning at high frequencies 
and that of coupling condenser is to broaden the tuning at low frequencies. Since the 
lower frequencies naturally tune more sharply than the higher frequencies, the effect 
of using a condenser for coupling is to compensate for this frequency effect, with result- 
ing more uniform width of response curve for all frequencies. Consequently, most 
band selectors of this type use a condenser for coupling. When used with tuning coils 
of the size generally employed for broadcast band reception, the coupling coil M need 
have only about 1.5 microhenries inductance, four to six turns of wire on a one inch 
diameter form being about right. 

The selectivity of the circuit depends on the sharpness of the tuning 
in the two tuned portions, because sharp tuning preserves the steepness of 
the sides of the response curves. Sharp tuning depends on the reduction 
of all forms of resistance in the tuned circuits. The broadness of the 
response depends on the degree of coupling used between the two circuits, 
the closer the coupling, the broader the respon.se curve. The width of the 
response curve depends also on the frequency being received, the curve 
being broader at high frequencies and narrower at low frequencies. 

One of the simplest band selector circuits is shown at (G) of Fig. 
257. In the plate circuit of the first tube is the parallel tuned circuit in- 
cluding Li and Ci. The plate circuit is completed through the condenser 
C 3 , and the direct plate current for the tube is supplied through the choke. 
In the grid circuit of the second tube is another tuned circuit with a similar 
coil and condenser. Lo and Cj. If coils Li and are separated, each 
tunes to the same frequency if Ci and C 2 are equal, and of course no band- 
pass effect is obtained. If the coils are placed near each other so that the 
magnetic field set up by the current in Li links with the coil Lo, the two are 
magnetically coupled (designated by M) and a band-pass effect is pro- 
duced, the arrangement becoming resonant for two different frequencies 
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as explained for the previous circuits, the width of the band increasing 
as the coupling is increased. 

The Vreeland band selector system is shown at (H) of Fig. 257. 
Here, two tuned circuits are coupled together through a mutual inductance 
consisting of a third coil L 3 . The tuned circuit in the plate circuit of the 
first tube consists of Ci L, and Lj. The tuned circuit for the grid circuit 



Fig. 257 — Effect of coupling, on the resonance curves of band- pass Alters Several band>pass 
filter circuit arrangements. 


of the second tube, consists of tuning condenser Co, coil Lo and coil La. In 
general, the action of this system is similar to that just described. 

The capacitively coupled filter of (A) of Fig. 257 has one advantage 
in that the band width increases toward the low-frequency end of the 
tuning range where a somewhat wider transmission band is desired for 
equal transmission of the side frequencies. This is undoubtedly the orin- 
cipal reason why this type of filter is used in most commercial receivers 
that use band passing at all. Another reason for its use is that it is some- 
what simpler, especially as comoared with the com.mon coil-coupled filter. 

361. Applications of band selector system: The various band 
selector arrangements just described may be used in several ways in radio 
receivers. The arrangements shown in Fig. 256 and at (A) of Fig. 257 
are often employed ahead of the first radio-frequency amplifying tube of 
tuned r-f amplifiers. In this position they are commonly called pre- 
selectors. They are also employed in a special type of receiver which 
will now be described. The arrangement of (G) is used extensively in the 
intermediate amplifiers of superheterodyne receivers. We will study this 
system later. 

In the radio-frequency amplifier systems thus far described in this 
chapter, selectivity and amplification are secured at the same time by 
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asing successive amplifier tubes with a tuned circuit between each. Some 
receivers are designed to obtain this selectivity first, and then the ampli- 
fication later. An example of this system is shown in Fig. 258. In this 
case, a band selector composed of several tuned circuits coupled together 
by means of coupling inductance M, is used to separate the signals of any 
wanted station from those of all other stations, and to transmit the wanted 
signals to an amplifier consisting of vacuum tubes coupled by untuned 
transformers, usually of 1 to 1 ratio. 


UNTUNED 
R.F. TRANSE 


R.F. 



W BAND 


Fig. 258 — A band -selector circuit employed in some receivers. All tuning Is accomplished 
In the band selector. This is followed by untuned r-f amplifier stages. 


Such an amplifier has no frequency discrimination, it amplifies all 
frequencies applied to it alike. It is not tuned at all — all tuning takes 
place in the band selector. An ordinary power detector and audio am- 
plifier are used with the receiver. The outline diagram of this type of 
receiver was shown at (B) of Fig. 245. This type of circuit has been 
used successfully in many models of the Sparton and other commercial 
receivers. The practically “square-topped” tuning curve produced by the 
band selector eliminates sideband frequency suppression and aids in main- 
taining good audio tone quality. 

362. CroM modulation and pre-selection: In the circuit diagram 
of the simple t-r-f receiver shown in Fig. 247, the signal voltages from 
the antenna circuit are fed to the grid circuit of the first r-f amplifier 
tube after being transferred to the tuned circuit Lo C- by means of the 
antenna coupling transformer. In many receivers manufactured several 
years ago, a stage of fixed, untuned, radio-frequency amplification was 
employed between the antenna and the first r-f tube. This took the form 
of a resistor as shown at (A) or an r-f choke coil as shown at (B) of Fig. 
259, connected directly in the antenna circuit and arranged so the vary- 
ing voltage drop across it was applied directly to the grid circuit of the 
first r-f tube. The purpose of this arrangement was to eliminate the 
necessity of a tuned stage between the antenna and first r-f tube, since 
the tuning coil of such a stage would naturally be affected differently by 
the different inductances and capacitances of various antennas to which it 



RADIO FREQUENCY AMPLIFICATION 


641 


might be connected, thus causing its tuning to be way off and preventing 
proper synchronizing of each section of the gang tuning condenser em- 
ployed for single tuning control. Such a stage did not harmfully affect the 
operation of the receiver when a ’27 type tube was used in the first r-f 
stage. The high negative grid bias (13.5 volts) used with this type of tube 
allowed quite a large signal voltage to be applied to the tube without dan- 
ger of running the grid positive or operating on the curved portion of the 
Eg - Ip characteristic of the tube (see Figs. 243 and 244) . With the adop- 
tion of the ’24 type screen grid tube as an r-f amplifier, troubles immedi- 
ately arose. Modern broadcast receivers no longer employ the fixed input 
stage, but employ a tuned input stage loosely coupled to the antenna cir- 
cuit in order to overcome the effects of antenna variation. The reduction 
in the strength of the signal transferred to the receiver, is offset by the 
increased amplification of the screen-grid type tubes employed. The '24 
type of screen-grid tube operates with a negative grid bias of only 3.0 
volts (see Fig. 214). This means that a signal voltage having a “peak am- 
plitude” of over 3.0 volts (see Art. 343), will drive the grid positive dur- 
ing each positive half of the cycle, with the result that a grid current will 
flow in the grid circuit and this will reduce the selectivity of the receiver. 
To understand how this takes place, let us refer to Fig. 259 : 

The condition of the grid circuit when a sufficient grid bias is employed to prevent 
the grid from ever becoming positive due to the signal voltage, is shown at (C). The 
grid'Cathode path acts as a small condenser and as such has no loss effect on the 
connected tuning circuit. But if this grid become plus, due to excessive signal voltage, 
electrons will flow from the cathode to the grid circuit, and this whole grid-cath^e 
path becomes a resistance each time the grid becomes positive, as shown at (D). This 
resistance is located directly across the tuning circuit and broadens the tuning char- 
acteristic to that shown in curve “C” in Fig. 179. Unfortunately this broadening 
effect takes place on strong local stations right where the greatest amount of selectivity 
is desired. The overloading of the grid of the ’24 type tube so that it becomes positive 
on strong signals is illustrated by the E, - Ip curves at (E) of Fig. 259. 

With a standard ’27 type tube or other low mu tube, a much larger negative grid 
bias voltage is employed than is used with the ’24 type. For instance, the ’27 type 
tube calls for a 13.5 volt bias, when it i.s operated as an amplifier with 180 vplts on 
the plate. Such a negative bias permits a 13.5 volt maximum “peak signal-voltage” 
swing in the radio-frequency circuits before the grid swings positive. For the '24 type 
tube at a plate voltage of 180 volts, a negative grid bias voltage of about 1.5 volts must 
be used. Therefore this tube can only handle signals having a maximum “peak volt- 
age” of not over 1.5 volts, otherwise the grid goes positive and broadness of tuning 
and other things explained a little later on, will give trouble. There is a considerable 
difference between 13.5 volts and 1.5 volts when it comes to allowable peak signal 
voltage. 

The plate-current, grid-voltage characteristics of both the ’27 and ’24 type tubes 
are plotted on the same scales at (E). Since the ’27 type tube has a much longer 
straight portion of the characteristic than the ’24, it is evident that it can handle a 
much stronger signal without distortion, as shown by the signal curves below'. Of 
course, the screen-grid type of tube is used in spite of this because of the high ampli- 
fication that may be obtained with it, and also because it has much less tendency to 
oscillate, due to its low plate-grid capacitance. Granting that the screen-grid type of 
tube is to be used on account of its high amplification factor and freedom from ^rid- 
plato capacitance, several precautions must be taken in the circuits in which it is 
employed if distortionless amplification is to be obtained. 

First, due to the rather crowded lower part of the characteristic of the *24 type 
tube as shown at (F) strong second harmonic frequencies are produced if the strong 
signal of a local station acts directly on the grid of the first r-f tube. If no tuning cir- 



642 


RADIO PHYSICS COURSE 


cuit is used,— or even if only a single tuned circuit is used, — between the antenna and 
the first r-f tube, the grid of this tube will have impressed upon it, the signals of prac- 
tically all stations at all times, no matter where the tuning condensers of the following 
stages are set Thus, a strong powerful local broadcasting station may be pounding onto 
the grid of the first tube with sufficient signal strength to actually cause the tube to 
work over the curved lower portion of its characteristic and cause rectification in the 
plate circuit of that tube. We know that any rectification or detection will create 
audio currents which represent the program on the carrier wave. In fact, this is the 
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Flc 25S— Cross modulation and second har- 
monic affects produced by signals of 
powerful nearby stations acting on a 
screen grid receiver using '24 type 
tubes without a pre-selector 


entire action of the ordinary detector tube, and any tube, no matter how operated, will 
detect to some extent when the carrier signals are of sufficient strength to operate 
the grid at the lower bend. Thus, detection actually occurs in the first tube, and in ap- 
preciable amounts when the set is located near powerful local stations. The result of 
this is an effect commonly called cross modulation or cross talk. The local program 
may be tuned out all right on its own wavelength, but it will cause audio changes in 
the plate current. These will, modulate the r-f variations caused by the signals of the 
station the receiver is tuned to. Thus the undesired local station program will be 
heard as part of the programs of all other stations received. This takes place regard- 
less of how sharp the tuned circuits of the folloiving stages are. . 

Another objectionable action which may take place is that of the production of 
second harmonic frequencies. We are already familiar with the fact that a curved 
El - I» characteristic produces unequal amplification of the positive and negative halves 
of the incoming carrier signal voltage. This produces a lopsided amplified voltage in 
which the upper half is greater than the lower half as shown by curve (A) in (F). 
Such a voltage can be resolved into two voltages, both of which are symmetrical volt^ 
ages. One has the proper frequency of the incoming signal and the other has twice 
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the frequency. The latter is known as the harmonic. This second frequency which 
is just twice the frequency of the proper one, is actually created in the tube and the 
amount of it, for a ^iven strength of signal, depends on the steepness of the charac- 
teristic curve. Obviously, the *24 type screen-grid tube is a much more prolific source 
of second harmonic disturbance than the '27 type tube, since the latter has a "flatter" 
curve — see (E). 

A study of (F) shows that curve A, which represents the actual plate current 
variations produced in the plate circuit of the tube, is the signal of the frequency of 
the station which it is desired to receive, and to which the receiver is tuned. This, of 
course is resolved into curves B and C. Curve B being of the same frequency, is the 
one which will be selected by the tuning circuits set for this frequency or wavelength. 
The new voltage of curve C which exists due to the fact that the original voltage wave- 
form has been distorted, is exactly twice the frequency of the original signal voltage. 
Twice the frequency, means one-half the wavelength, and when the tuning condensers 
are set at one half the wavelength, possibly while tuning for another station, this 
new wave will be picked out and the program will be brought in again at this new 
setting. The result is that due to the second harmonics produced, the stronf: local 



Fif 2S0 — A 5-tube l-r-f amplifier using screen-grid tubes and a pre-selector ahead of the 
first r-f tube The pre-selector consists of a band-selector tuner. 

station may be tuned in on two settings of the tuning condensers. Thus, even though 
it is say a high wavelength station, the fact that it is received again at a low wave- 
length setting may cause it to interfere with another low wavelength station operating 
near that frequency. 

The reVriedy for these two effects, second harmonic generation and 
cross-modulation, is evidently to increase the selectivity ahead of the first 
r-f amplifier tube by coupling the antenna input through several tuned 
circuits to the grid circuit of the first tube. In this way, adequate selec- 
tivity will be obtained so that the signals of unwanted stations, even 
though they be powerful local stations, will not be strong enough after 
passing through the pre-selector tuner to either cause the grid of the 
first r-f tube to become positive, cause operation on the lower bend of the 
curve with resulting rectification and cross modulation, or cause second 
harmonics due to ope^-ation over the curved portion of the characteristic. 
The tuner arrangement is called a pre-selector because it “pre-selects'" 
the wanted signals before they reach the first r-f amplifier tube. 

Pre-selector circuits take several forms in practice but in most cases they consist 
of a band selector circuit with mutual inductive or capacitive coupling. A typical 
arrangement of this kind used in the r-f amplifier of an a-c operated receiver em- 
ploying screen-grid tubes as amplifiers, is shown in Fig. 260. The audio amplifier and 
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power supply unit of the receiver are not shown. Tuning coils L, and Lj and conden 
sera C| and C 2 form the band selector with the common coupling condenser M. It 
should be remem^red that all pre-selectors cause some reduction in the signal voltages 
of the stetions they ^e tuned to, also due to the losses in the tuned circuits, loss of 
energy through imperfect coupling, etc. Of course the losses in well-designed circuits 
IS less than in poorly designed ones; in the latter a reduction of signal strength of as 
inuch as 76 per cent may take place. 'Hie loss caused by well-designed circuits is not 
objectionable, since it can be made up for by more amplihcation in the r-f amplifier. 

It is not to be inferred that all screen-grid receivers without pre- 
selectors suffer from cross-modulation. There are installations where 
small receiving antennas with resulting small signal pick-up are employed, 
with the result that the signals from local stations are not picked up 
strongly enough to cause cross-modulation. Also many receivers are op- 
erated in districts far enough away from all local stations so that extreme- 
ly powerful local signals are not received. Also if variable-mu type screen- 
grid tubes are employed, the effects of cross-modulation and second har- 
monic production are very much reduced, due to the fact that this type 
of tube can handle an extremely large signal voltage without rectifica- 
tion or second harmonic distortion, due to its long E, - Ip characteristic 
(see A of Fig. 230). Many receivers using variable-mu type r-f tubes 
are constructed without any pre-selection other than a single loosely 
coupled tuned stage between the antenna circuit and the grid of the first 
r-f tube. Cross modulation effects are very seldom troublesome in these, 
due to the characteristic of the variable-mu tube. This important feature 
has resulted in the extended uses of these tubes in modern radio receivers. 

363. Variable tuning condensers: Variable condensers which 
are used extensively for tuning the fixed inductance coils in radio-fre- 
quency tuning circuits, to any carrier frequency within the receiving 
range of the set, consist of a group of stationary plates (stator) arranged 
so that a set of movable plates (rotor) can be moved in and out between 
them without touching. The dielectric (the space between them) is air. 

Condensers of this type were described in detail in Articles 150 to 164. The reader 
is advised to re.view these at this time. When the plates are fully meshed, as shown 
at (A) of Fig. 98, the full areas of the plates are exposed and the maximum capacitance 
exists. When they are all out of mesh at (B), the minimum capacitance exists; and 
for any intermediate position between these as at (C), various intermediate values of 
capacitance exist. Tuning condensers are usually made with thin brass or aluminum 
plates supported by a rigid framework of brass or aluminum. The stator plates are 
held in position and insulated from the frame by insulating strips (see Fig. 99). The 
stator and rotor plates should not touch, for a short-circuit would then result. Rotor 
bearings should work smoothly and the entire condenser should be rigid. 

The end of the tuning circuit which connects to the control grid of 
the r-f amplifier tubes, should always be connected to the stator plates of 
the tuning condenser. The other end is connected to the rotor plates, 
which are usually grounded to the metal shaft and frame of the condenser. 
Since this latter end of the tuning circuit goes to the B- or ground side 
of the circuit, connecting it this way automatically places the shaft and 
frame of the tuning condenser at or near ground potential. Then no 
capacity exists between the condenser shaft and the body of the operator 
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(which is also at ground potential), when it is to be rotated during the 
process of tuning. If th^ rotor shaft of the condenser were connected to 
the grid end of the tuning circuit, the capacity action between the body of 
the operator and the condenser shaft and rotor side of the tuned circuit, 
would form a capacity which is in effect really across the tuned circuit, 
since the other end is at ground potential through the B- line and ground. 
This would cause the resonance frequency of the tuned circuit to vary, de- 
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F'ik 261 — Th^ capacitance of a condenser 
may be made to vary directly as 
the angle of rotation of the rotor 
• plates, by using semi-circular 
rotor and stator plates 


Fig 262— By tapering off the diameter of 
the advancing edge of the rotor, 
the angle of rotation may be made 
to vary directly as the 
of the tuned circuit 


pending on how near the hand was to the condenser shaft, and this would 
cause a de-timing action known as hand-capacity effect. This condition 
was very troublesome in old forms of receivers in which the condenser 
shaft was not grounded. On some receivers, after a station was tuned in, 
it would fade out completely (be de-tuned) as soon as the hand was re- 
moved from the tuning knob which was fastened to the rotor shaft. 

364. Shapes of condenser plates: The capacity-variation of the 
usual form of variable condenser is caused by changing the amount of in- 
terleaving of the plates and hence the area between them. The rate at 
which the capacity changes as the plates are rotated depends on the shape 
of the plates. There are four well known shapes at the present time, de- 
vised to secure certain tuning characteristics when used with a coil in a 
tuned circuit. Each of these has certain definite applications either in 
radio receivers or testing equipment, etc. 

365. Straight line capacity condenser: Pig. 261 shows a conden- 
ser with semi-circuli.r rotor and stator plates. 

In a condenser of this type it is obvious that the capacity is proportional to the 
angle of rotation of the rotor, or settings of the condenser dial. That is, for equal in- 
creases of rotation, equal increases of capacity are obtained. Therefore, it is called 
a Btraight-line capacity condenser. If a graph is plotted with dial settings against 
capacity, it is -a straight line. Now if this condenser is connected to a Axed tuning ooU 
L in the usual way, as the condenser is varied the circuit is tuned to various frequencies. 
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The variation of the resonant frequency with condenser dial settings is shown at (B). 
The curve becomes steeper at the lower end of the scale, showing that a given rotation 
of the dial near this end produces a much greater change in frequency or wavelength 
of the tuned circuit it is used in, then an equal rotation at the upper end of the scale. 
Therefore, since the carrier frequencies of broadcasting stations in the same vicinity 
differ by at least 10 kilocycles, it will only require a small rotation of the condenser 
shaft and rotor plates to change the resonance frequency of the tuned circuit 10 kc to 
tune from one station to the next, at the lower end of the scale (high frequencies). 


Hence, if a tuning condenser having semi 
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Fif 263~By properly shaping the plates the 
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circuit may be made to vary di* 
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•circular plates is employed in a radio re 
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Fig 264 — Proper shaping of the plates 

produces a ' renero/mc" or 'Afid 
hut” tuning curve which is moat 
suitable for the tuning circuits 
of radio receivers r 


ceiver, a great many stations will be received over a small crowded portion of the 
dial at the low wavelength end, making it necessary to set the tuning condenser ex- 
tremely accurately if only a single station is to be received at a time. Therefore this 
simple plate shape is used very little in modern radio receivers. It is useful however, 
in laboratory and testing work where equal increases of capacitance are desired for 
equal angles of rotation of the rotor plates. 

366. Straight line wavelength condenser: Many years ago, a 
type of condenser having a plate shape such, that equal angles of rotation 
of the rotor plates produced equal changes in the wavelength of the 
tuned circuit, (see Fig. 262), was used extensively in wavemeters, de- 
signed to measure the wavelength of transmitting stations, etc. This is 
called a straight-line ivavelength condenser. This made a convenient form 
of condenser for the purpose, since the dial could be calibrated directly in 
wavelength and equal divisions on it would represent equal changes in 
wavelength. 

An attempt to reduce the crowding of stations at the low wavelength 
region of the tuning scale in broadcasting receivers, was made by using 
tuning condensers having plate shapes designed to produce straight-line 
wavelength tuning variations. Since the wavelength-rotation curve is a 
straight line as at (C). a given change in dial setting anywhere produces 
the same change in wavelength. But the carrier waves of broadcasting 
stations are not separated by equal wavelengths, so that actually with this 
type of condenser the low wavelength stations are still crowded at the 
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lower end of the dial, although there is a decided improvement over the 
S. L. C. type. The stations at the upper wavelengths are also crowded. 
However, the separation of the stations around the middle of the dial is 
practically perfect. This type of condenser is useful in wavemeters or 
oscillators where it is desired to have the dial reading proportional to the 
wavelength. 

367. Straight-line frequency condenser: The straight-line fre- 
quency variable tuning condenser (S. L. F.), is designed wi.th a plate shape 
which makes the rotation of the dial proportional to the resonance fre- 
quency of a tuned circuit in which it is used. With this type of condenser 
(Fig. 263) stations separated by 10 kilocycles in frequency come in at 
equally separated points on the dial. The trouble is that the high power 
broadcasting stations are distributed, in general, over the upper end of 
the scale. Hence it is of great importance that the latter be separated 
properly. The S. L. F. condenser does not do this, but rather crowds both 
the higher wavelength stations and those around the middle band, under 
the present station locations and frequency separations. Therefore it 
does not quite solve the problem of spreading the received stations out uni- 
formly over the tuning dial of the receiver. This type of condenser is use- 
ful in oscillators and wavemeters or frequency-meters, where it is desired 
to have equal divisions on the dial indicate equal changes in the frequency. 

368. Centraline tuning condenser: Condensers having rotor and 
stator 'Plate shapes such as to produce a desirable compromise tuning 
curve when used in the tuning circuits of radio receivers, have been de- 

•signed and are in common use. These condensers commonly known by 
such names as “Centraline” “Midline”, etc., are designed to eliminate the 
disadvantages possessed by the other forms described by employing special 
plate shapes which give a composite tuning curve, that is, give approxim- 
ately S. L. F. tuning at the low end of the dial, S. L. W. tuning at the center 
region, and S. L. C. tuning at the upper wavelengths. A study of the 
curves in Fig. 264 will show this. 

These desirable tuning characteristics can be secured by irregular 
shaping of either the rotor plates, stator plates, or both. The physical 
dimensions of the condenser should be kept small, so that not much space 
will be required when installed in a receiver. A rotor plate shape designed 
to produce this effect is shown in Fig. 264 and at the right of Fig. 265. 

It is evident that the effect of the S. L. W., S. L. F., and Centraline 
condenser plate shapes is strictly a slow-motion action on the capacity 
variation, having a variable reduction and gradually changing as the cpn- 
denser is advanced. The .same result can be accomplished by a slow-mo- 
tion vernier dial constructed to automatically vary its reduction ratio to 
give the effect of any of these shaped plates when used with an S. L. C. 
condenser, but shaping the plates to produce the desired result is a much 
cheaper and simpler method for it costs no more to punch out condenser 
plates with special shapes than it does to punch out semi-circular plates, 
after the proper punching dies have been made up. 
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The illustration of Fi?. 265 shows one of each of the types of con- 
densers described, showing: the shapes of the plates used in each. As ex- 
plained in Article 150, variable condensers used in receiving sets are made 
in various capacitance values, some of which have become fairly well 
standard in the United States. Also they are made in single sections or 
in gang form, with 2 or more sections arranged to be varied in capacity 
by the movement of a common rotor shaft as shown in Fig. 100 and at the 
left of Fig. 268. 

369. Reduction of tuning controls: A study of the circuit dia- 
grams of multi-stage t. r. f. amplifiers already studied shows that the 
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Pig. 2€5 — Pour tuning condonsera designed to produce various deAnite capacity-variation and 
tuning chaiacteristica by using the various plate shapes shown 


tuning of the receiver from one station to another is accomplished by rota 
ting the rotor plates of the several tuning condensers. Referring, for in- 
stance to the simple 3 -stage t-r-f amplifiers of Fig. 247, we see that in 
order to tune from one station to another, the shafts and rotor plates of 
condensers C 2 , and C 4 must be turned in order to obtain the proper 
capacitance value in each tuned circuit, to tune the receiver to the fre- 
quency of the new station. If three condensers with separate shafts and 
controls were used for € 2 , C 3 , and C 4 , this would mean that three con- 
denser knobs or dials would have to be manipulated simultaneously. 

It is rather awkward to manipulate 3 things carefully, and in step with each other, 
with two hands. Now the tuned circuit L3 - C3 works out of the plate circuit of the 
first r-f tube and into the grid circuit of the second one, (a similar tube). The same 
thing is true of tuned circuit - C^. Therefore, if the coils Lg and L^, the conden- 
sers Cj and C4, and all stray capacitances and inductances associated with the tuned 
circuits are exactly similar, the two condenser settings will be exactly similar when any 
station is tuned in. Therefore some means can be employed to mechanically couple or 
gang the rotor shafts of these two condensers together, so they may be turned exactly 
in step with each other by a single knob or tuning control. We will consider the various 
mechanical schemes possible for ganging, presently. 

It is important at this point to see just what stray inductances 
and capacitances may be present in either of the two tuned circuits 
considered. If we analyze the simple tuned grid circuit shown at (A) of 
Fig. 266, we find that actually it is not as simple as it seems. There are 
several additional capacities acting in the circuit, as shown at (B). Here 
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we have the pure tuning inductance L, and the total circuit capacitance C 
consisting of the sum of the following capacitances. 

dr=:effective capacitance from coupled input circuit. 

e=;distributed capacitance of the coil winding. 

fz=capacitance of the tuning condenser proper. 

g=input grid-cathode capacitance of the vacuum tube and the capacitance between 
all wiring to the grid and cathode. 

h=capacitance between the coil, wiring and any metal near the coil, such as 
shielding, etc. 

Now the capacitance d, will vary with the degree of coupling and the 
type of input circuit, i.e., whether it is an antenna or the plate circuit of 
a proceeding tube; e and h will vary with type of coil winding, shape of 
coil, spacing, size of coil, size of shield, etc. ; g will vary considerably with 
the type of plate loading. It is evident that in order to obtain practical 
single-control of the tuned r-f stages, in the receiver, not only must the 
tuning coils and condensers be accurately matched, but these various stray 
circuit capacitances must also be kept similar in value in each stage. 

When we come to the antenna input stage several other factors enter 
into the problem of single-dial tuning control. 

370. Effect of antenna on single-dial tuning control: It has al- 
ready been shown in Fig. 179 that an antenna acts together with the earth 
to form a condenser. For high frequency currents there is some inductance 
in the straight aerial, lead-in and ground wires. It follows that an antenna 
has botl) inductance and capacitance, distributed along the length of the 
wire. Therefore the antenna really forms a series tuned circuit as shown 
i^t (B) of Fig. 179. 

The fundamental frequency of an antenna is that for which the maximum possible 
current will flow, when no additional coils or condensers, etc are connected to it. It 
can be shown mathematically that when the length (in meters) of an antenna of the 
single wire vertical or L type is approximately one-fourth of the wave length (in 
meters), the fundamental frequency is that for which the sum of the inductive and 
capacitance reactances are zero. The length of an L type antenna includes the length 
of the horizontal portion plus the total length of the lead-in and ground wires. 

Example: It is desired to erect an inverted L antenna which is to have a fundamental 
wavelength of 400 meters. What must be its total length? 

Solution: 1 meter equals approximately 3.3 feet. Therefore 400 meters equal approx- 
imately 3.3 X 400 1,320 feet. Therefore the total distance from the 

ground up through the ground lead, the antenna lead and the horizontal 
top portion, should be about 1320 ^ 4 z= 330 feet. In practice the length 
may vary considerably from this value. 

The wavelength to which any resonant circuit is tuned may be increased 
by increasing either its inductance or capacitance. The wavelength of an 
antenna is therefore increased by connecting an inductance or loading coil 
in series with it. since then the actual inductance in the circuit is the sum 
of the inductances of the antenna and the coil. If a condenser w connected 
in series with the antenna, the wavelength is decreased, since now the com- 
bined capacitance of the antenna itself and the capacity in series with it is 
less than that of either alone. 

When we connect the receiving antenna to the input tuning coil there- 
fore, we have the condition shown at (C) of Fig. 266. The antenna cap- 
acitance Ca and the antenna inductance La are acting in series with the 
primary winding P of the antenna coupling coil. It is evident that the 
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tuning circuit consisting of Lj Ci must work under somewhat different 
conditions than Lj C- due to the effect of the antenna capacitance and in- 
ductance on the circuit. The capacitance of the antenna circuit acts like 
a similar condenser C. connected across a portion of the secondary. There- 
fore, to tune the antenna system through the broadcast band, and yet use 
a gang conden.ser for all the tuned circuits including the antenna, a differ- 
ent type of tuning condenser would be required for each individual an- 
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tenna system which the set might be used with. This would be com 
mercially impractical. 

371- Antenna coupling systems; One remedy for this condition 
would be to leave the antenna stage untuned, and couple it to the first r-f 
tube by any of the arrangements shown in Fig. 267. 

At (A) the first r-f tube is coupled to the antenna by a resLstance of about 2,000 
ohms. The varying voltage drop appearing across the end of the resistor due to the 
flow of the varying antenna circuit current, is applied to the input circuit of the first 
r-f tube commonly called the “coupling tube*'. This tube does not add any amplifica- 
tion to the circuit, but acts merely as a coupling device With this arrangement the 
antenna constants have little or no effect upon the tuning of the following circuit. 
However, an untuned antenna stage usually produces harmonics and “cross modulation” 
due to rectification being set up in the first r-f tube by strong local signal.s as ex- 
plained in Article 362. The audio currents produced in its plate circuit modulate the 
incoming r-f signals of all other station*^, and thus the local station signal is heard 
as a modulation on all other stations received. 

If a variable resistor R is employed as at (B) it can also be used as a volume con- 
trol by varying the fraction of its total resistance and voltage drop which is included in 
the grid input circuit of the tube. Another method where an r-f choke coil is used 
to produce a potential difference between the grid and cathode is shown at (C). In 
some cases it has been possible to secure a small voltage step-up in the coupling tube 
T by utilizing a choke coil connected between the antenna and ground which, in con- 
junction with the average antenna (capacity about 150 to 300 mmfd , inductance from 
60 to 100 microhenries, and resistance of 25 to 100 ohms), tunes to approximately 200 
or 300 meters, and provides a voltage step-up in the neighborhood of four at reson- 
ance. and diminishing to about one for the remote frequencies. Unfortunately all that 
can be said for all of these types of antenna coupling is that they solve the single- 
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control problem. They contribute nothing: to the selectivity of the receiver, since they 
accept sigrnals of all frequencies, excepting the case of the choke coil coupling. The 
latter may contribute some voltage gam if the inductance of the choke tunes the an- 
tenna capacitance to some frequency in the broadcast band. The amplification thus 
secured is confined, however, to a narrow band of frequencies around this fixed reson- 
ant frequency. At all other frequencies the gam is practically nil. Also the fre- 
quency at which some gam is obtained due to resonance will vary with diflFerent an- 
tennas. 

All of these methods are very liable to cause “cross modulation*' as 
explained above and they are seldom used in modern receivers, although 
many receiver models manufactured several years ago did employ them 
on account of their simplicity and effectiveness in eliminating the effect of 
the antenna circuit on the tuning of single-control receivers. In recent 
models of commercial receivers, the problem has been met in two ways. 
One is to use a variable inductance or “variometer** having a high ratio 
of maximum to minimum inductance, in the place of the fixed choke coil 
at (C), this variometer tuning the antenna circuit to resonance for the 
frequency of each station being received. While this type of tuned an- 
tenna input circuit applies about 3 times as much signal voltage to the 
grid of the first tube as the untuned antenna system does, it has the ob- 
jection of adding an extra tuning control to the receiver. Many receivers 
how use an aperiodic (untuned) antenna circuit with an r-f transformer 
as show'n at (C) and (D) of Fig. 266. 

There are two types of antenna transformers in use, one having a high-impedance 
primary and the other a low-impedance primary. Both of these transformers, when prop- 
erly designed, give good selectivity characteristics, gain, and practically freedom from 
cross-talk. They also satistactorily meet the problem of antenna-stage tracking for 
Single-control sets. In the high-impedance primary type, the primary of the trans- 
former IS usually slot-wound and has an inductance of the order of 400-700 micro- 
henries. It tunes the antenna capacity to a low frequency just outside the broadcast 
band. Long-wave gam due to resonance is therefore high in comparison to the short- 
wave gain. Very loose coupling of the order of 10 per cent is employed. Antenna 
reaction reduces the effective secondary inductance, but owing to the very loose 
coupling employed, this is of small magnitude, and easily compensated. The gain of 
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tills system decreases with ncreasing frequency, but this tends to straighten out the 
over-all gain curve of sets employing conventional type r-f interstage transformers. 

The antenna transformer with low-impedance primary, was the most w'idely 
system in battery sets, some years ago, especially two-and three-control sets. The 
primary consisted, generally, of about 6 to 20 turns (depending upon the type of trans- 
former employed). The coupling coefficient was as high as 40 per cent and it was 
necessary to resort to very tight coupling in the antenna stage in order to get better 
transfer of signal volUge at the upper wavelengths. However, this tight coupling was 
unsatisfactory at the lower wavelengths. First the capacity reflected from the antenna 
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circuit into the secondary was so ^reat that it was not always possible to tune the 
first sta^e down to '1600 kilocycles. In the second place, the loading due to the an- 
tenna, and the dielectric loss between the primary and secondary were both increased, 
resulting in very poor selectivity characteristics for the first stage. It was, therefore, 
necessary either to reduce the coupling by reducing the primary turns by means of 
a tap on the primary, or to shorten the antenna electrically by tbe use of an antenna 
series condenser. The use of a single antenna connection was therefore not satisfactory 
over the entire frequency band. 

Of course, loose couplinsr between the primary and secondary of the 
antenna coupling transformer means that only a small portion of the sig- 
nal energy in the antenna circuit is transferred to coil Li and the grid cir- 
cuit of the first tube. It does however, effectively reduce the effect of the 
antenna on the tuning of the first tuning condenser Ci to such an extent, 
that this condenser may be ganged with the other tuning condensers. De- 
signers of broadcast band receivers at least, have preferred to make up 
for this loss by employing more radio-frequency amplification in the set — 
this being a rather simple matter when high-gain screen-grid variable-mu 
vacuum tubes are employed. When a pre-selector or band-selector 
system is used, as shown at (D) of Fig. 266, the same loose coupling be- 
tween the antenna circuit and secondary Lj of the tuning coil may be em- 
ployed. 

In some cases a small variable condenser is connected in series with the 
antenna as shown in Fig. 258. This not only reduces the effective capaci- 
tance of the antenna (since it is in series with the antenna capacitance), 
but also permits some adjustment of the effective total antenna capacitance 
when different lengths of antenna are used. This condenser usually takes 
the form of a “midget” condenser of from .0001 to .0005 mf. 

372. Condenser ganging: After the circuit arrangements and 
constants of the r-f amplifier have been satisfactorily worked out in ac- 
cordance with these conditions to permit simultaneous tuning of all stages 
by a single control of the tuning condensers, the problem resolves itself 
into devising some mechanical arrangement for turning the rotor shafts 
of all of the tuning condensers simultaneously by means of a single tuning 
control. 

Several mechanical arrangements have been devised for this purpose, but only 
two of them are still employed to any extent. Arrangements in which the shafts of 
the separate tuning condensers were connected through racks and pinions, systems of 
parallel arms and levers or cranks, or by floxiiile metal belts and pulleys have been 
used. Of these methods, the latter i.s the only one which has survivc^d. In this, each 
condenser shaft is provided with a pulley which i.s driven by a flexible phosphor bronze 
belt with tension adjustment, from the main driving pulley. This in turn is controlled 
(usually with a step-down ratio), by a single tuning knob. 

The more common method because of its cheapness, compactness and 
simplicity, is to build all of the condenser sections into a single frame and 
with a common rotor shaft, so that motion of this single rotor shaft turns 
all of the rotor plates simultaneously. This is called a gang condenser. Of 
course, a conden.ser of this type may be built with as many sections or 
gangs as desired. A 4-gang condenser of this type was shown in Fig. 100. 
A 5-gang tuning condenser is shown at the left of Fig. 268. A grounded 
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flat metal plate (electrostatic shield) between each section of the gang 
reduces the capacitance which exists between adjacent stator sections 
when the rotor plates are turned out. As will be seen from the chart of 
radio symbols in Appendix A, a gang condenser is indicated by the com- 
mon stator-plate line. In some cases, the condenser sections are each 
shown separately, but the rotor plates are connected by a dotted line. At 
(B) of Fig. 268, the connections of the secondaries of five r-f trans- 
formers to the individual sections of the 5 gang condenser are shpwn. 
The primaries are omitted for simplicity. The connection of each tuned 
stage to the grid of the amplifier tube is also shown. Note that the rotor 
and frame of the condenser form the common grid-return side for all the 
tuned circuits. A 5 tube t.r.f. amplifier in which several tuned circuits are 
tuned by a gang condenser is shown in Fig. 260. This permits the simul- 
taneous tuning of all the circuits at once by merely turning a single knob 
or dial fastened to the condenser shaft. 

373. Equalizing the circuits: In order to obtain maximum sensi- 
tivity in receivers using gang control of tuning condensers, it is absolutely 
essential that every tuned stage in the amplifier be tuned to exactly the 
same frequency for any one setting of the dial. This means that when 
once the various stages are adjusted to tune in step with each other, they 
should continue to “track'* together over the entire range of the receiver. 
If one or more of the stages tunes to a higher or lower frequency than the 
rest, that stage is not set at exact resonance to an incoming signal when 
the othehs are, and therefore it produces less amplification than it other- 
wise would. In order to make the various tuned stages track up perfectly, 
it is necessary that the total of the capacitances and inductances in each 
tuned circuit be exactly equal. This means not only the capacitance of 
the tuning condenser and the inductance of the tuning coil but also all of 
the stray inductances and capacitances which may affect the tuned circuit, 
as shown at (B) of Fig. 266. 

The first essential of success with p:anp-controllcd receivers is that all the con- 
denser sections in the gang have the same rate of capacity change at all settings, that 
is, over the entire tuning range of the circuit. All the condensers do not have to have 
the same maximum capacity, for any differences in this respect can be compensated 
in the inductances. But it is preferable that all the sections be equal, for if they are, 
there is a better chance that all the sections will have the same rate of capacity change 
at every setting. 

If condensers having semi-circular plates (S.LC.) are used for tuning, the ad- 
justment for bringing various stages into step can be made by providing suitable ad- 
justments enabling the entire set of rotor plates of any one condenser to be advanced 
or retarded in order to increase or decrease the capacitance at all settings or by adding 
small compensating condensers in parallel with the tuning condensers. If this is done 
with condensers having other plate shapes (as S. L. W., S. L. F., and Centraline), the- 
capacities become unbalancjed as the tuning dial is advanced. This is due to the fact 
that in these forms of condensers the capacity variation per dial division increases as 
the condenser is turned toward maximum capacity, and the unit which was advanced 
gains capacity more rapidly than the others. This can be partly avoided by keeping 
all the rotor plates exactly in step and making up for any inequalities by means of 
small compensating condensers which can be set and left fixed, thus adding a constant 
capacity to each circuit, as explained in Article 152. This method is not entirely 
suitable however, for it is very possible that the tuned circuits may be adjusted 
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to be exactly in step for one frequency and they will be out of step at other frequencies 
if the various sections of the gang condenser do not vary in capacity at similar rates 
as the condenser setting is varied. This action was very noticeable on the early forms 
of single control receivers which employed simple gan^ condensers, with a small com- 
pensating condenser built into each section of the condenser. The tuned stages could 
be adjusted to track perfectly at any one small range of frequencies but they would 
be out of step for frequencies above and below this. As a compromise, receivers of this 
kin{] were tracked up accurately at but one setting at the center of the tuning range, 
but of course the sensitivity for all settings above and below this was much lower. 

One way of eliminating this very objectionable feature, is to have one of the end 
rotor plates of each section split radially or fan-wise to form about 5 or 6 segments, 
as shown in the condenser of Fig. 268. The tuning of each of the various circuits can 
then be aligned at 5 or 6 separate points equally distributed over the entire tuning 
range by slightly bending the slotted segment which is just entering the stator plate 
area. If it is bent toward the stator plate the capacity is raised; if it is bent out, the 
capacity is lowered. This may be done while a station of that frequency is being re- 



Flg 288 — Leff A 5-aana tuning conden.s«‘r Notice the slotted rotor plate at the end of each 
section 

Right Connections of the ^secondary windings of 5 r-f tuning colls to the 5 sections 
of a 6-gang condenser in a single dial receiver 
ceived, or while a signal from a local test oscillator is being impressed on the receiver. 
The condensers are considered to be adjusted properly when maximum output is ob- 
tained. Since the ear is rather insensitive to changes in intensity of sound, more accur- 
ate adjustments may be made by employing an output meter such as that shown in 
Pig. 153 for indicating the output of the set during the adjusting process rather than 
relying on the loudness of the sound is«;umg from the loud speaker as judged by the ear. 

As it IS rather difficult to bend the segments delicately and accurately by hand, 
one form of gang condenser employs a set-screw arrangement shown in Fig. 269. The 
set screws go through a solid plate fastened to the rotor shaft They are arranged 
so that the end of one screw presses against each section of the slit plate. By 
turning the screw, the segment it rests against can bo pushc'd in or out by a very small 
amount if necessary. Adjustment is usually made with the receiver tuned to 1120, 840, 
700, 600 and 550 kilocycles. The five positions of the rotor for these adjustments 
are shown in the illustration 

When a (ranipr condenser is used, the coils must be carefully wound 
and matched, in order to minimize any inequalities between them. In 
spite of careful manufacture, they are bound to differ slightly so the coils 
must be tested and the inductance value adjusted before they leave the 
factory. 

One simple way of doing this i.s to wind the coils with the inductance slightly 
larger than the value required Then they are tested and the inductance may be 
brought down to the exact value required by sliding a few of the end turns outward 
toward the end of the coil so they are more widely spaced, thus placing them in the 
weaker part of the field and thereby slightly decreasing the inductance. This it 
•hown at (G) of Fig. 79, and is a very simple and effective means of producing slight 
reduction in the inductance. Of course if the inductance is much too high, some turns 
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of wire must be removed altogether, if it is much too low, turns must be added. A coil 
having too low an inductance requires more tuning capacity for any given frequency 
than those of proper value do. One whose inductance is too high requires less tuning 
capacity than those of proper value do. 

If metal shielding is used around the coils, it will also affect the inductance, as 
does any metal object or conductor which may be in the field of the coil. The fact that 
the surroundings -of a coil affects the inductance indicates the necessity of putting all 
the coils in similar settings. For example, shields around or near a coil will change 
its effective inductance, and this change depends on the frequency. The change is 
usually a decrease in the inductance, because of the bucking effect of the induced eddy 
currents in the shielding. The remedy for any inequality from this effect, obviously, 
is to mount every coil in the same manner with respect to shielding. And since differ- 
ent metals will react differently it is important that every shield should be of the 
same type and thickness of metal. (Note: Shielding is discussed in Arts« 412 to 414.) 

Still another reaction effect is that of the primary on the secondary. The mutual 
inductance between the primary and the secondary will change the effective induc- 



Flg 269 — Slotted condenser end-plate construction with set-screw adjustment for tracking 
up the tuning The rotor is shown m 5 difTefent positions at which the seg- 
ments are adjusted to align the tuned circuits 

tance of the secondary and hence the required capacity to tune the secondary to a given 
frequency. This demands not only that the primaries be equal but that they be placed 
in the same manner with respect to the secondaries, unless loose coupling is employed 
between the primary and secondary coil as in the case of the antenna coupling trans- 
former. Not only that, but it demands, as a rule, that the primaries be preceded by 
the same type of tube similarly operated. This effect also depends on the frequency 
and therefore it is somewhat troublesome. The inductance valoe of a coil is 
changed by the presence of other conductors in the field. The distributed capacity 
is constant as long as the coil is fixed in position, and therefore the distributed capacity 
adds to the zero setting capacity of the condenser and can be compensated for by the 
trimming condensers. 

The actual procedure to be followed in adjusting or “aligning” the 
tuned stages in receivers employing gang condensers will be considered in 
detail in Articles 632 to 639 in Chapter 35. Illustrations and circuit dia- 
grams of receivers employing gang condensers for single-control will be 
found in the chapters on Superheterodyne Receivers, The Battery Oper- 
ated Receiver and Electric Receivers. 

374. Purpose of the volume control: We have proceeded with 
our progressive study of tuned radio-frequency amplification to the point 
where we are ready to consider the various forms of volume or gain con- 
trols which may be utilized to control the loudness of the sound issuing 
from the loud speaker. 

Assuming that our receiver employs a detector preceded by several 
stages of radio-frequency amplification, and followed by one or more 
stages of audio-frequency amplification (which will be studied presently), 
it would seem that some form of volume control device could be introduced 
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either in the r-f amplifier or in the audio amplifier, so as to reduce the 
signal voltages applied to the amplifier tubes. The volume control in a 
complete radio receiver is seldom placed entirely in the audio amplifier for 
the simple reason that even if it were turned down to a low setting when a 
strong local station were being received, the last r-f amplifier tube, or the 
detector tube, would be overloaded, with resulting distortion, since the full 
amplified r-f signal-voltage is being applied to these. The volume control 




Fig 270 — (A) Simple battery receiver volume control by varying the filament voltage. 

(H) Volume control by varying tbe plate voltage. 

is therefore placed before the detector tube, in order to prevent overload- 
ing of these tubes under such conditions. 

The volume or gam control unit in a receiver is utilized in most cases to re- 
duce the volume of strong signals. For weak signals, it- is usually set at maximum. 
Volume control methods and arrangements have passed through a series of changes in 
the past few years due to changing designs of receivers and the change from battery 
operation of receivers to a-c electric operation. 

Receiving sets are being designed with sensitivities of the order of 1 microvolt 
per meter. That is, when a signal voltage of 4 millionths of a volt is produced in the 
receiving antenna, a ’‘normal” (mildly comfortable) loud speaker signal is produced 
when the volume control is set at its maximum volume position. Such an antenna 
signal might conceivably be produced in an antenna located several hundred miles from 
a powerful broadcast station. This same antenna and receiving set located in a more 
favorable position, say one-half mile from the broadcast station, might conceivably 
have induced in it as large a signal as 1 volt or more, at least 250,000 times as great a 
signal as in the preceding case. Obviously such a signal would cause severe over- 
loading of all the tubes unless it were controlled. In order to obtain a “normal” signal 
from the loud speaker with this 1 volt input signal, a signal reduction or attenuation 
of 250,000 would have to be caused by the volume control in one way or another. 
Also, when the volume control is set at its minimum-volume position, no signal 
should be heard. The volume control must then introduce additional attenuation to 
completely extinguish the “normal” signal produced after attenuating a 1 volt antenna 
signal 250,000 tinier. If we assume this additional required attenuation to be four, 
the total attenuation required of the volume control amounts to 1,000,000. In other 
words, the volume control must be able to effectively control various signals which may 
differ as much as 1,000,000 to 1 in intensity. 

375. Volume control arrangements: Volume control should not 
be obtained by detuning the tuning condensers from the exact point of 
resonance when a station is being received, for that is apt to bring in inter- 
ference from other stations which are thereby being tuned in. It should 
be obtained by a form of control which does not affect the tuning. Various 
volume control arrangements using non-inductive resistors will now be 
described. 

Possibly the most simple form of volume control used extensively in battery oper- 
ated receivers, consisted of connecting a simple wire-wound rheostat of the order of 
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4 to 20 ohms» depending on the type and number of tubes controlled, in series with the 
filament circuit of the radio-frequency or detector tubes, as shown at (A) of Fig. 270. 
By controlling the filament current, the emission and amplification of these tubes was 
controlled. While this method of volume control is satisfactory for use with battery 
operated receivers, it is unsuited for those using separate-heater type tubes, because 
the cathode element has such high thermal inertia that there is an appreciable time- 
lag between the filament current changes, and the temperature and emission. When 
the signal became too loud, the vol. -control would be adjusted. Owing to the thermal 
inertia nothing would happen for a while. When the cathode finally reached its con- 
stant temperature corresponding to the changed current, the signal would suddenly 
drop and it would then probably be too low. The volume control would then be turned 
up and the same thing would happen, except that now the signal might now be too 
great or still not loud enough. After a few adjustments, the proper setting would be 
found. Obviously, such a control would require> a rather objectionable amount of 
manipulation. 

In receivers of this kind, the problem permits of either of two practical solutions. 
Either the reduction in signal voltage must be accomplished between circuit elements, 
such as for example between the antenna and first tuned circuit, or between tuned 
circuits and tubes. This may be accomplished by connecting a simple non-inductive 
potentiometer, or variable resistance, across one of the circuit elements. The other 
method consists in providing a control of the amplification of the amplifier tubes. This 
latter method is used extensively, especially when variable-mu tubes arc used as r-f 
amplifiers, for the amplification factor and mutual conductance of this type of tube can 
be varied over wide ranges simply by varying the control-grid bias voltage. 

At <B) of Fig. 270, a variable resistance of some 100,000 ohms maximum value 
(depending on the type and number of tubes controlled) is connected in series with the 
“B” supply of the r-f tubes. This controls the volume by raising or lowering the 
plate voltage applied to the tube. This system has little to be said in its favor, for 
as the resistance is changed, the plate current in the tube, as well as the actual voltage 
applied to the plate is varied. If too low a voltage is applied to a radio-fre- 

S uency^ube, it becomes a detector, and consequently distortion takes place. Also it is 
ifficult to reduce the volume down to very low values, when powerful local stations 
are being received. 

At (A) of Fig, 271, another system somewhat similar to the preceding one is 
shown, except that in this case a variable resistance of the order of 10,000 ohms is in 
parallel with the primary of one of the radio-frequency transformers. This gives a 
smoother control of volume, but in addition to the disadvantages of the previous meth- 
od, the sharpness of tuning of the secondary of the radio-frequency transformer is 
reduced unless the resistor has a high value. This is because of the increase of load 
on the secondary when the primary is partially or totally short circuited by the volume 



lA; 

Kik 271— (A) Volume control by means of a potentiometer connected in the plate circuit o 
an r-f amplifier tube (B) Volume control by means of a potentiometer connectet 
across the secondary of an r-f transformer 

control resistor. If a high value of resistor is used to avoid this shunting effect, th- 
plate voltage of the tube will be reduced considerably. 

At (B) of Fig. 271 a volume control potentiometer is connected across one o 
the tuned circuits of the receiver in such a way that any proportion of the total signs 
voltage developed across the tuned circuit may be applied to the grid circuit of th 
amplifier tube The objection to this is the fact that the shunting effect of the re 
sistor across the tuned circuit tends to reduce the volume and cause broad tuning. T 
reduce this it” is necessary to use potentiometers having a resisUnce from hk to 
megohm The need for such high variable resistances which must be noiseless — • 
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far as possible — and which must vary non-uniformly with respect to angular rotation, 
prohibits the use of wire-wound resistances, and has led to the extensive use of 
the graphited-paper type of unit. With the volume control connected across a tuned 
circuit or its equivalent, the condition should be met that the loading introduced across 
the tuned circuit should be constant, even though the volume control is varied. This 
condition obviously eliminated the use of a straight variable resistance across a 
tuned circuit, for as the volume is gradually reduced a smaller and smaller resistance 
shunts the tuned circuit, with consequent elimination of the selective and gam proper- 
ties of the circuit. With the volume control in this position of the circuit, it was there- 
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Fig 27? — (A) Antenna type volume control 

(B) and (C) — Volume control by means of variable gnd-bia.s ri'sisior in the 
cathode circuit of the first r-f tube 


fore essential that a potentiometer type of control be used, which imposes a fixed re- 
sistance load across the tuned circuit. Another objection to this form of volume con- 
trol is that all potentiometers have some capacity across their terminals, 8 mmfd. being 
a real low value for this. This means that besides a resistance being placed across 
the tuned circuit, a capacity is also added. In the case where a number of tuning 
condensers are being run from the same shaft, as is the case in single-control receivers, 
the tuning of this circuit would be thrown out of alignment, and small capacities would 
have to be placed across all the other variable condensers for exact alignment. Of 
course, this is not an insurmountable difficulty, but simply one which is objectionable 
in quantity production of radio receivers. 

In the old forms of receivers using untuned directly-coupled antenna circuits, the 
volume control shown at (B) of Fig. 267 was quite popular. With this arrangement, 
a potentiometer of 2,000 ohms or so acted both as the untuned coupling device and the 
volume control. In receivers using an antenna coupling transformer, the arrangement 
shown at (A) of Fig. 272 has been extensively used. The potentiometer of about 
25,000 ohms resistance, makes it possible to apply any fraction of the total signal 
voltage induced in the antenna circuit, to the primary of the coupling transformer. 
This type of volume control is effective only if the receiver is completely shielded so 
that no signals can be picked up without an aerial. Otherwise, signal voltages from 
local stations may be set up in the r-f coils and wiring m the .set. Obvjou.sly, in such 
cases, the stations will be heard even if the volume control is set at minimum value. 
Another objection is the fact that when this form of volume control is employed, the 
ratio of noise to signal may be very great when the volume is turned down. The 
reason for this will be evident from the following considerations. Noise which appears 
in the output of a receiver is the result of noise picked up outside the receiver and 
noise which originates in the receiver proper. The former is independent of the circuit 
position of the volume control, while the latter is not. Receiver noise, apart from hum, 
is a combination of tube noise and circuit element noise, and is more or less a fixed 
quantity for any given receiver. These noises modulate the carrier wave which is 
present in the receiver, and they therefore show up in the loud speaker output. 
When volume is adjusted by an antenna control only, the signal amplitude fed into 
the receiver input reduced, whereas the amplitude of the noi.se originating 
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in the receiver is at its full value (since receiver amplification is maintained at its 
maximum value), and we have a high degree of “noise modulation.” If however, a 
stronger signal is fed into the input of the receiver, and the volume is adjusted by a 
control located in the radio fre^iuency amplifier be>ond the antenna, the relative 
degree of nui.se modulation is smaller (.since the noise i.s the same but the signal ampli- 
tude IS greater) ; and secondly, the volume adjustment reduces the noise and the signal 
together, so that the ratio of noise to signal is reduced. It should be noted that the 
volume control is effective in reducing the noise-signal ratio to the extent that it is 
removed from the antenna stage, since it is effective in reducing noise (for a given 
output) originating ahead of it, but not that originating in the parts of the receiver 
circuit following it. Hence the nearer it is located to the detector circuit the less will 
be the noise present. 

A realization of this fact has led some circuit designers to favor a dual volume 
control consisting of one part placed in the r-f amplifier circuit and one part in the 
audio circuit, both being operated from the same shaft. The idea is, that when the 
volume is reduced by reducing the r-f signal, the audio amplification, noises and 
hum due to the a-c operation, are also reduced. While this arrangement has many 
commendable features it has not been generally adopted on account of the increased 
cost and wiring complications and the fact that since the trend of receiver design is 
toward greater r-f amplification and less a-f amplifiication, the advantages gained by 
the control in the a-f amplifier become less. 

When separate-heater screen-grid type r-f amplifier tubes are used, there are sev- 
eral additional methods of controlling volume Volume can be controlled in this type 
of tube (as it can also in the ’27 type tube) by varying the grid bias voltage applied 
to the r-f tubes as shown in the simplified method at (B) of Fig. 272 By increasing 
the grid bias voltage (making it more negative), the mutual conductance and there- 
fore the amplification of those tubes is reduced, thereby diminishing the volume. By 
using this control on the r*f tubes in a receiver, almost complete control of any signal 
encountered in practice may be obtained. For this purpose, a variable resistor R is 
used in the cathode-return circuit as shown. If two '224 screen-grid tubes are con- 
trolled, R should be about 1U,000 ohms If four are controlled it should be about 6,0C0 
ohms, etc. more resistance is inserted into the circuit by moving the contact arm, 
the negative grid bias voltage is increased and the amplification factor and mutual 
Conductance are decreased In series with this variable resistor is a fixed resistor Rj 
for limiting the minimum bias voltage, (Which is the bias value prescribed by the tube 






73— lA) Volume control by icreen-Krid voliaffe control obtained 
poieniioiiieier in the screen-grid circuit iB) Volume 
by means of a poienlioineter connected across the secondary 
transformer 


by the u&e of a 
the audio circuit 
of the first a-f 


manufacturers). If this rc .stor were omitted, when the volume control resistor was 
turned to the end at full volume position, no resistance would be in the circuit, the 
grid bias voltage would be zero and the signal would cause grid current to be drawn by 
the tube, with resulting distortion and broad tuning. An improvement on this form oi 
volume control is shown at (C). The peculiar connection arom the bottorn of R to the 
primary of the antenna coupling transformer helps to give 

low volumes. As-the moving contact on R is moved downward to decrease the volume, 
a smaller and smaller proportion of the antenna-to-giound voltage is being applied to 
the primary coil because the slider, fwhich is connected to ground) is moving toward 
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the antenna end of resistor R, and therefore the signal input to the receiver is reduced. 
This combination control reduces the antenna pickup enough so that the usual modula- 
tion effects due to strong local stations are greatly diminished. A resistor having a 
tapered variation of resistance should be used for circuits of this kind. If this an- 
tenna-shorting action is not desired, the bottom end of R should simply be connected 
direct to B minus as shown at (B). In both (B) and (C), the wire marked E connects 
to the cathodes of the other r-f tubes, and wire marked D connects to the grid-return 
circuits of these lubes. 

The volume can also be controlled by varying the screen grid voltage as shown at 
(A) of Fig. 273 when screen-grid tubes are u.sed. Moving the arm of the potentio- 
meter of 5(),(»U() ohms or so. varies the voltage applied. Either of these last two 
methods give satisfactory control when ordinary scrcen-grid tubes arc employed, only 
provided the signal mfiut to the first tube is not too great. For loud signals, such as 
arc proiluccfi in the \icinity of local broadcasters, either of these methods is unsatis- 
factory, not becaii''!' they do not give complete control, but because distortion is intro- 
duced. As the volume is reduced by varying the negative bias, a point is reached at 
low output where the tube is operated at the lower bond of its E. - U characteristic, 
and the tube acts as a grul bias detector, producing severe distortion of the signals. 
This can be correct(‘d only by reducing the input signal to the first r-f tube by means 
of an antenna volume control, which must necessarily be used in conjunction with the 
C-bias or screen-voltage adjustment in order that complete control of loud signals 
may bo secured. This requires a double volume control which is of course undesirable. 

When variable-mu type screen-grid tubes are employed, the volume control method 
of (B) of Fig. 272 works very satisfactorily, without the troubles encountered when 
it IS used with ordinary screen-grid tubes. In order to utili/.e the fulf volume control 
range of the or 5."il type tube, the volume control resistor should be of such value 
as to apply a maximum grid bias voltage of ajiproximately oU v(dts depending upon the 
circuit design and operating conditions. It will be remember (‘d that one of the fea- 
tures of this tube Ks that the mutual conductance and amplification factor for high 
negative grid bias voltages are very low, (see Fig. 230). 

Volume* control in audio amplifiers used for public address w'ork or for phono- 
graph-amplifier combinations usually consist of a .'SOO.OOO ohm potentiometer con- 
nected across the secondary w'lndmg of the fir.st audio transformer as shown at (B) of 
Fig. 273. This provides a smooth volume control since any fraction of the signa’ 
voltage induced in the secondary winding may be applied to the grid circuit of the 
tube. 

This resistance will actually tend to improve the tone quality of the receiver, 
since, if a rather poor transformer is being used, it will smooth out the amplification 
curve and make it quite flat. This unit .should have a maximum resistance of about 
500,000 ohms, and should always be placed across the first audio transformer It is 
then possible, on strong signals, to cut down the volume and prevent overloading of 
even the first audio tube. However, if the resistance were connected across the sec- 
ond transformer, it would not be possible to prevent overloading of the first tube. 
Connection across the first transformer is therefore advisable. 

The ideal volume control is one which smoothly and uniformly con- 
trols the .sound emitted from the speaker from a whisper to a maximum 
intensity. The control .should not allow any of the tubes in the set to 
overload, and in fact it should not change the electrical characteristics of 
any part of the receiver in any harmful way. 

The resistor used must provide a smooth control, so that it can be 
operated without audible evidence of its use beyond that of chanpfin^; the 
volume. There must be no scraping, ru.stling, or clicking, and at no point 
must there be a sudden increase or decrease of volume. The change of 
volume as judged by the ear must, as far as possible, be spread out uni- 
formly, over the full range of the control. 

376. Automatic volume control: In all of the volume control 
systems just described, the control must be operated manually by turning 
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a volume control knob. Automatic volume control systems have been de- 
signed for use in radio receivers, in order to reduce the necessity for con- 
tinual manipulation of the volume control knob. The use of automatic 
volume control means that once the adjustment for the desired sound out- 
put level is made normally, by setting the volume when the loudest local 
station is being received, tuning the receiver through local and distant 
stations will not produce sudden loud blasts of sounds when tuning in the 
carrier wave of a strong station. If the distant station is much weaker 
than the local station, so that the maximum amplification of the receiver 
will bring the signals up to the necessary strength, the station will be 
heard at the desired volume level, otherwise it will be heard faintly. The 
very weak stations are not brought up to the volume of the strong one 
unless the receiver is capable of amplifying their signals enough to bring 
them up to this level. This is an important point to remember. In this 
sensitive condition, the receiver will of course greatly amplify all stray 
electrical disturbances that may come in with the signal and noisy recep- 
tion may result. 

In receiving programs from certain stations, “fading” causes a great 
deal of annoyance. With good automatic volume control, the receiver 
sensitivity is shifted simultaneously with the received field strength of the 
transmitter, so as to maintain a constant output level. The disadvantage 
of course, is that the “noise” output due to stray electrical disturbances 

which may also be received, remains constant. 

• 

One automatic volume control system which has been used, employs a two-clement 
detector tube whose direct current component of plate current is made to flow through 
•a resistor and the voltage drop thereby obtained is made to vary the grid bias applied 
to the r-f amplifier tubes and so vary the amplification, (see latter part of Art. 313). 
The audio-frequency variations in the detector plate current are filtered out from the 
steady direct current. A stronger signal strength tends to increase this direct current. 
This changes the voltage drop acro.ss the resistor, thus changing the bias voltage ap- 
plied to the control-grid circuits of the r-f tubes so as to decrease the amplification 
(see explanation referring to (B) and (C) of Fig. 272). 

A simple automatic volume control arrangement devised by Mr. A. C. Mathews, 
Jr. and which can be used on existing receivers employing ’24 type screen-grid tubes 
ifi shown at (A) of Fig. 274. This employs a ’27 type tube whose function is to 
automatically vary the acrreii grid voltage applied to the ’24 type tubes used in the 
r-f amplifier. It is connected to the receiver by simply breaking the screen-grid volt- 
age supply lead at the r-f tubes and connecting the lower wire to the screen-grid in- 
stead. The top wire is tapped on to the grid of the detector tube. 

In order to properly control the volume, the screen grid potential must be made 

variable over a considerable range. Manual variation under this system is achieved 

by adiusting the bias of the volume control tube by means of the 50,000-ohm potentio- 
meter provided. The plate current passing through the resistance in the plate circuit 
provides the necessary drop to vary the voltage over the required range. The voltage 
on the screen grids, and in consequence the volume, is thereby reduced. A signal ap- 
plied to the grid of the control tube reduces the bias and consequently increases the 
plate current, providing an automatic decrease in gain. The constants of the circuit 
must be so proportioned as to function rapidly — but the electrical inertia must still 
be great enough to avoid any possibility of “swamping out’’ low-frequency modulations, 
as the<o are slow changes in the amplituae of the signal. Since the volume-control 
tube must have its plate at the same potential as the screen-grids of the r-f amplifier 
it is necessary in order to obtf n the correct plate voltage on the '27 volume-contro 
tube, to take off-voltage taps at --60 and —80 volts on the power-supply unit. This put 
a potential of approximately 135 volts on the plate with respect to the cathode. 
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Since it is rather difficuh with a system of this kind to know when the receiver 
is tuned exactly to resonance, because the volume seems the same over several divisions 
of the dial, a 0-5 d-c milliammeter is usually included in series with the plate of the 
volume control tube, so as to g^ive visual evidence of the resonance point, by a maxi- 
mum deflection of the pointer. In a commercial receiver of this design a shunt across 
the speaker terminals is used while tuning, so that the volume is reduced to a mere 
whispcrr. With the meter to indicate whether the circuits are in resonance with the 
carrier, the speaker gives evidence as to whether that carrier is modulated, for the 
meter will show a reading on the unmodulated carrier. This enables the person 
operating the receiver to tune the set exactly to the desired carrier, even if it is at an 
extremely low output level. 

At (B) of Fig. 274 a different version of an automatic sensitivity 

TO MID 



Fig. 274— (A) Automatic volume control ayetem for screen-grid receivers An additional *27 
type tube la uaed. (B) System used on Stromberg Carlson models 12 and !1 
screen-grid receivers. 


control is shown. This is a simplified diagram of that used in the Strom- 
berg-Carlson models 12 and 14 receivers, in connection with the 3-stage 
t. r. f. screen-grid amplifier employed in them. 

In this the control tube is a 227, the grid of which is connected through a 0.0001 

mid. ^nden^r to the plate of the third radio-frequency tube, which is a 224 screen 

grid tube. The grid return is connected to B minus, the most negative point in the 
circuit* and the cathode (4) is connected to a point on the voltage divider which is 
po^ive with respect to B-minus, but negative with respect to ground. The voltage 
‘*r7f?** " minus and (4) is the steady bias on the control tube, which makes it a 
gnd-bias or plate-bend detector. 

The si^al voltage impressed on the grid varies the direct current component in 
the plate circuit of the control tube and the drop in the resistors R2 and R3. Point 
(1) IS ^nnected to the grid return of the first screen grid radio-frequency amplifier, 
return of the second, and point (3) to the grid return of the 

third tube. It is only the bias on the first two 224 type r-f tubes that is varied 

autoniatically, the first by the amount of drop in the two resistors R2 and R3 and the 
Mond by the amount of drop in R3 alone. Thus the deifree of control varies for the 
two being greater for the first tube than for the second. This is called “Uperins 

of the bias.” • 


«8 connected across the plate circuit of the control 
tube to filter the urrier from the direct current component. Other by-pass conden- 
sers to aid in the filtering are C2 and C3. each of which has a value of 0 3 mfd 

The resistors of 600 and 100,000 ohms in the leads to the r-f tubes are included 
te ‘7 oscillations which might ^ set up in them. Terminal’ (1) connMto 

to tte grid retura of the first r-f amplifier tube; (2) connects to the grid return 
of the second radio frequency amplifier tube; (3) connects to a point on the volUge 
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divider 3 volts negative with respect to the chassis and the ground. The resistance 
between (3) and ground is 100 ohms and is in the main voltage divider; (4) connects 
to a point 1,210 ohms below (3) on the main voltage divider; (B-) connects to the 
negative side of the B supply circuit, which is separated from (4) by 260 ohms. 

A point to observe in this control arrangement is that the most negative point of 
the B-power supply unit is not grounded as is customary, but the ground is placed at 
a point 1,750 ohms higher up. This is done so as to get the proper voltages on the 
control tube with reference to the voltages applied to the tubes in the amplifier. 

The voltage between any two taps depends, of course, on the current taken from 
the various taps, and the circuit is not applicable without suitable change to any re- 
ceiver. The receiver in question contains three 224 screen grid radio-frequency ampli- 
fiers, one plate-bend 227, high signal detector, one 227 audio-frequency amplifier, and 
two 245 power amplifiers in push-pull, transformer coupling being used throughout 
the audio amplifier. A milliammeter connected in the cathode circuit of the secondary 
r-f tube acts as a visual tuning meter as described for the previous system. This type 
of control gives excellent signal input voltage. The output remains practically constant 
at 100 arbitrary units between inputs from 100 to 5,000 microvolts. Below 100 micro- 
volts the output drops rapidly and therefore 100 microvolts has been set as the input 
at which the control tube **takes hold." At 5,000 microvolts the output begins to rise 
rapidly as the input increases, but even at 10,000 microvolts the output has not yet 
doubled. 

The advantage of the automatic feature is obvious. A signal of 100 microvolts is 
a very weak signal and one of 10,000 microvolts is a comparatively strong signal. Yet 
the variation in the output does not vary as much as 2 to 1. If the normal signal 
Intensity of a station is around 2,000 microvolts, there is practically no variation in the 
output even if the input falls as low as 100 microvolts and rises as high as 5,000. Fad- 
ing under these conditions will practically be absent and the only effect that the fiuc- 
tuations would have on the received signals would be a rise and fall in the proportion 
of stray noises, (rising as the signal faded out and falling as it came back). 

It is evident that the automatic volume control feature in a receiver is much more 
effective if variable-mu (super-control) type tubes are used in the r-f or i-f amplifier 
than if ordinary screen grid tubes are employed (see Art. 313). 

377. Coupling in the supply: When a receiver utilizes a sin- 
• gle source of plate voltage for more than one stage (as is almost always 
the case) coupling between stages may take place through the resistance 
of this voltage source, as shown in (A) of Fig. 275. New ''B*' batteries 
have a very low internal resistance, but when they become old and dis- 
charged their internal resistance may increase to as much as 1,000 ohms. 
This is due to resistance of the active material between the zinc cylinder 
and carbon rod of each of the small dry cell units. In a 45-volt “B” battery 
there are 30 of these cell units connected in series, so the total internal 
resistance is equal to 30 times the resistance of each unit. Layerbilt bat- 
teries have a much lower resistance due to the wider cross-sectional area 
of the active material. 

“B'' power supply units used in electrically operated receivers, all use 
some form of resistance for a voltage dividing device, and the plate cur- 
rents of the various tubes must flow through this resistance, which often 
amounts to several thousand ohms (see Articles 509 to 511). In either 
case the internal resistance may be considered as a resistance R in series 
with the power supply device (here shown as batteries for simplicity) . 

The resistance R is included in the common plate circuit of both tubes A and B. It 
should be remembered that R is really in the “B” volta^ supply unit but it is shown out- 
side for simplicity in the diagram. The plate current of either of the^ tubes varies some- 
what in the manner shown at (B) due to the sigrnal. This is a va^ing current flowing 
In one direction. This varying plate current flowing through R will produce a varying 
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voltafire drop e across it. The effective voltage acting on the plate at any instant is 
aqual to the e. m. /. of the “B” voltage supply minus the voltage drop due to its inter- 
nal resistance, that is, E — e. Therefore the effective plate voltage applied to the 
tubes is also varying, thereby varying the plate current. The varying plate current 
of tube B, when flowing through R produces a varying voltage drop across R which 
causes variations in the plate current of tube A. These are transferred to the sec- 
ondary S, by the primary P, and are therefore re-impressed on the grid circuit of tube 
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Fig 275 — Huw iniervUigo i oupling 
may Dccur iti llie tuinmnn impt'danre 
of the li” powfT Mipply unii li 
may - be prev»?iPeil l>y means of the 
cliuko coils .imJ by-pass condensera 
shown at (K) 


B. In other words, signal-variations in the plate circuit are le-impressed on the grid 
circuit and are re-amplified. Regeneration is thereby produced. If the coupling resistor 
R IS large enough and the circuit losses are low enough, the tube may act as an oscilla- 
tor thus interfering with reception. The same action occurs among the various other 
tubes in the receiver. Also in screen-grid tubes, since the positive screen-grid voltage 
is also obtained from the “B” power supply unit, coupling of this kind can also take 
place in the screen grid circuit. 

Obviously the cure for this interstage coupling is to eliminate the pulsations in 
the current flowing through the “B" power device E. This is accompli.shed by the 
simple low-pass filter arrangement show’n at (E), where an r-f choke coil is connected 
in each plate lead, and a by-pass condenser C connects around to the B - side or cathode 
of the circuit. Since the action is the same as has already bwm described for the 
choke and condenser filter connected in the plate circuit of a detector, this will not be 
considered again. The condenser merely acts to smooth out the variations in the 
current flowing through the “B*’ power unit, thereby preventing the varying coupling. 

R-F chokes for this purpose are usually of about 85 millihenry size, 
as shown at the right of Fig. 124. In r-f circuits, by-pa.ss condensers of 
from .2 to .5 mf. are commonly employed. (Condensers for this purpose 
are shown in Fig. 276. 

In order to serve as an efficient by-pass to prevent unde.sirable coupling, the im- 
pedance offered by a condenser to currents of any given freijuency must be consider- 
ably lower than the impedance of the apparatus around which it is desired to by-pass 
the current. 

For most efficient operation, it is important that the by-pass condenser be con- 
nected as close to the points between which the current is to be by-passed as possible. 
While the use of by-pass blocks which include two or more condensers in one unit is 
economical in by-passing several circuits or circuit branches, thi.s method should only 
be used when the circuits which are to be by-passed are close together so that long leads 
are not required to connect the condensers across the points to be by-passed. In gen- 
eral, better results will be obtained if individual by-pass condensers are connected 
directly across the terminals to be by-passed. 
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In audio circuits the same action may take place. The use of a filter in the plate 
circuit also helps here. The of the chokes and condensers employed must of course 
be larger, since the frequency of the pulsations is much lower than in r-f circuits. 

In general, common coupling in the B- power supply unit is more 
seriou.s in receivers designed for high amplification per stage than in 
others, because any stray varying voltage getting back into a previous 
stage is amplified greatly and may cause the entire circuit to oscillate. 

378. Automatic tuning and remote control: Automatic tuning of 
radio receivers either by rotating selector dials or by push-buttons or 
levers, has been accomplished by several systems which are in use. These 
are of two general types — tho.se in which a separate lever is provided for 
selecting each station which the receiver has previously been adjusted to 
receive ; and those in which a selector dial controls the tuning to any point 
on the dial. In both systems, the tuning condensers are rotated by an elec- 
tric motor to the exact position required for reception of the station. In 
the former, the number of stations which may be received depends on the 
number of plungers provided, although additional stations may be brought 
in at points in-between by means of an ordinary tuning dial provided. 
In the latter, any number of stations (within the range of the receiver) 
may be tuned in at any point on the dial at will. These systems have not 
become generally popular for use in homes, due to their complications and 
cost. Midget type receivers are so inexpensive that it has been found 
more practical to use several such receivers in a home in which it is de- 
sired to provide radio reception in several rooms. These provide the 
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added advantage that different programs may be received on the different 
sets in the various rooms at one time. 

379. The superheterodyne receiver: While the superhetero- 

dyne tuner may be properly classed as a special form of radio-frequency 
amplifier system, it will be considered separately in the next chapter on 
account of its special circuit features and importance. Then, in the fol- 
lowing chapter the design of inductance coils, tuned circuits, and shielding 
methods will be studied. 
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REVIEW QUESTIONS 

1. What is meant by the term “radio-frequency amplification?” 

2. Why is r-f amplification used in most modern radio receivers? 
What other form of amplification could be used? 

3. What factors determine how much r-f amplification is required 
in a receiver? 

4. State and discuss the requirements of a radio receiver for re- 
ceivinp broadcasted proprams, for home entertainment. 

5. What is meant by the term (a) microvolts per meter, (b) field 
streripth? 

6. What sipnal strength in microvolts-per-meter is required at the 
receiving antenna for year-round high-class reception? 

7. An antenna 100 feet high has induced in it a signal voltage of 30 
microvolts. What is the strength of the field surrounding the 
antenna ? 

8. Draw an outline diagram of the main parts of a simple t-r-f. 
receiver .system and explain the advantages and disadvantages 
of the sy.stem. 

9. Repeat question 8 for a receiver employing a band selector fol- 
lowed by several stages of untuned r-f amplification. 

10. Blxplain (with diagrams) three methods of coupling successive 
amplifier tubes in t-r-f amplifiers and discu.ss the advantages 
and di.sadvantages of each. 

11. Why is the variable-mu tube considered such an excellent r-f 
amplifier? 

12. Since the resistance-coupled amplifier is so simple and inexpen- 
sive, why is it not used in r-f amplifiers? 

13. Draw a circuit sketch illustrating the u.se of parallel-feed plate 
supply in the plate circuit of an r-f amplifier tube. What are 
its advantages? 

14. Explain why the use of .several similar tuning circuits in a 
receiver increases the selectivity. 

15. Why is a straight-sided .square-topped tuning response desirable 
in radio receivers? 

16. Explain the operation of one form of band-pass tuner or “band 
.selector” 

17. What is the effect on the width of the band passed, as the fre- 
quency is increased in a band .selector using (a) capacity coup- 
ling; (b) inductive coupling? 

18. Explain in detail what is meant by cross modulation, and how it 
may be produced. What are its effects? What must be the 
form of the Eg - Ip characteristic of a tube which produces 
.severe cro.ss modulation effects. What niu.st be the form for 
one which does not produce them. What type of tube fulfills 
(a) the first condition; (b) the second condition? 
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19. What is a S. L. C.; S. L. W.; S. L. F.; Centraline frequency, 
condenser? 

20. How is single-dial tuning control obtained in receivers employ- 
ing a number of tuned stages of r-f amplification? 

21. What is a gang condenser? What is a compensating conden- 
ser and what is it used for? 

22. How may the tuned circuits in a single control receiver be 
matched practically? 

23. Why must the tuned circuits in a single control receiver be 
matched exactly? What happens if they are not matched ex- 
actly? 

24. What is the reason for slitting one of the end plates in each 
section of a gang condenser? 

25. What effect does the antenna have on the tuning of the first con- 
denser of a receiver employing a tightly coupled antenna coup- 
ling transformer? How may this effect be reduced by changing 
the design of the transformer? 

26. Why is a volume control used in radio receivers? What is the 
difference between a manually operated volume control and an 
automatic volume control? 

27. Draw circuit diagrams for five types of volume controls which 
have been used in radio receivers, and explain the operation, 
advantages and disadvantages of each type. 

28. Draw a desirable volume control circuit for a t-r-f receiver 
employing three variable-mu screen-grid r-f tubes. 

29. What are the relative advantages of (a) placing the volume 
control ahead of the detector; (b) placing it after the detector? 

30. Explain how coupling between amplifier stages can take place in 
the “B” power supply unit and how it may be eliminated. Why 
is it objectionable? 
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SUPERHETERODYNE RECEIVERS 

REVIEW OF T-R-F SYSTEM — THE SUPERHETERODYNE SYSTEM — ADVAN- 
TAGES OF THE SUPERHETERODYNE SYSTEM — “BEAT FREQUENCIES” — THE 
“BEAT” ACTION IN A SUPERHETERODYNE — THE R-F AMPLIFIER IN THE 
SUPER — IMAGE FREQUENCY — DESIGN OF THE R-F AMPLIFIER — THE OS- 
CILLATOR — SINGLE CONTROL OF THE TUNING CIRCUIT — CHOICE OF THE 
INTERMEDIATE FREQUENCY — THE INTERMEDIATE AMPLIFIER — THE SECOND 
DETECTOR — “REPEAT” POINTS — THE “AUTODYNE” — FREQUENCY CHANGERS 
— ADJUSTING THE CIRCUITS OF A SUPERHETERODYNE — REVIEW QUESTIONS. 

380. Review of t-r-f system: In the tuned radio-frequency 
amplifier system, which we studied in Chapter 21, a number of tuned amp- 
lifier stages are adjusted, usually by a single dial, to the different frequen- 
cies of the stations it is desired to receive. Considering receivers of this 
type designed to work on the usual broadcast band, it is evident that the 
tuned circuits are so designed that they may be adjusted to tune to any 
frequency between 1500 kc (200 meters) and about 545 kc (500 met- ' 
ers). The signal voltage is induced in the antenna circuit; is then ampli- 
fied by the r-f amplifier; is detected or demodulated (changed to audio- 
frequency) ; and is finally amplified further by one or two stages of audio 
amplification, the output from the audio amplifier supplying the loud 
speaker. This sy.stem is .shown in simplified form at (A) and (B) of F'ig. 
245. It is important to remember that in the t-r-f amplifier system the 
signal is amplified at its own carrier frequency. It is difficult to design 
a receiver of this kind to give high amplification, perfect selectivity and 
ideal fidelity of reproduction. Due to the high frequencies of the signal 
voltages being amplified, it is difficult to obtain amplifications of more than 
40 or 50 per .stage even when screen grid tubes are employed. This neces- 
sitates the use of many stages, if high .sensitivity is to be obtained. Also 
since the primary of each r-f transformer induces a higher voltage into 
the secondary at the higher frequencies than at the lower ones, due to the 
more rapidly varying magnetic field, the r-f amplification is not uniform 
over the entire broadcast band unless special circuit arrangements for 
constant coupling are employed. These have not yet been developed to a 
point where they are simple, inexpensive and generally .satisfactory. 
Also, in order to obtain a satisfactory r-f tuning curve consistent with 
adequate selectivity, band-pass tuning circuits must be employed (see Fig. 
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267). Since these band-pass circuits must be of the variable tunable type, 
tunable to any frequency in the frequency range the receiver is to cover, 
they cannot be built with as great efficiency as they would have if designed 
to work at one single frequency. This brief summary of the operating 
features of t-r-f receivers will enable us to better appreciate and under- 
stand the advantages of the superheterodyne circuit. 

381. The superheterodyne system: In the superheterodyne cir- 
cuit, instead of selecting and amplifying the signal at its own particular 







■saanffi* 







lAiifk i ^ 


LOUD 
SPEAKER 


IaudiC voltages 

I AMPLIFIER SY. 
I AUDIO 

AMPLIFIER I FREQUCNCt AMPLIFIER I 
" OUTPUT FROM* ‘ 


THESE TWO 
VOLTAGES 
COMBINE AT 
THE INPUT or 
TNC FIRST 
DETECTOR 



A.C. VOLTAGE 
FROM LOCAL 
OSCILLMOR 


LOUD SPEAKER CHANGES AUDIO 
CURRENTS INTO SOUND 


Fig. 277 — Functional diagram of the various parts of a superheterodyne receiver showing 
the changes which occur in the signal voltage in each part of the receiver. The 
weak signal voltage induced in the antenna circuit i.s tuned and amplified, com- 
bined with the output from the oscillator, demodulated, amplified and tuned again, 
demodulated again, amplified again at audio frequency, and then reaches the loud 
speaker, which converts it Into sound waves 


carrier frequency (which is a high frequency) by means of circuits which 
must be adjusted to that particular frequency, the high carrier frequency 
is changed to a lower fixed frequency, so it can be amplified and the signals 
of unwanted stations eliminated much more efficiently. The fixed fre- 
quency at which the signals are amplified is usually called the intermediate 
frequency sometimes abbreviated “i-f”. Probably the single greatest 
difference between the t-r-f amplifier system and this one, is that in the 
former the receiver is tuned to the frequency of the signal and the signal is 
amplified at that frequency, while in the superheterodyne, the signal is 
tuned in and then changed in frequency to the lower value to which the 
intermediate amplifier is “fixed-tuned”, and is amplified at that frequency. 

The main parts of a superheterodyne receiver and the changes which 
the r-f signal undergoes are shown in Fig. 277. The fields of many stations 
induce modulated r-f voltages in the antenna circuit. The signal of the 
unwanted stations are usually tuned out or separated somewhat from that 
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of the wanted station by the antenna tuning circuits, and the latter is amp- 
lified by a stage of tuned r-f amplification. Then it is fed to the mixer 
circuit, where it is “mixed” or combined with a steady signal of a definite 
frequency generated by the “local oscillator” tube. This operates at a fre- 
quency differing from the signal frequency by an amount equal to the fixed 
frequency of the intermediate amplifier. After passing through the first 
detector, this produces a resulting beat frequency voltage having the same 
frequency as that to which the intermediate amplifier is tuned, and essen- 
tially equivalent in modulation to that of the original signal frequency. 
This single frequency modulated voltage is then amplified by the intermed- 
iate amplifier, then fed to the detector where it is demodulated or changed 
to qudio frequency, is amplified further at audio frequency by the a-f 
amplifier, and finally fed to the loud speaker. The use of an r-f amplifier 
stage ahead of the first detector tube is not essential to the operation of the 
superheterodyne receiver, but it is used for several special reasons in 
modern supers as we shall see. We will now proceed to a detailed study 
of the operation of the various parts of the receiver. 

382 . Advantages of the superheterodyne system: The super- 
heterodyne tuner possesses two advantages which the t-r-f type of tuner 
can never possess. One is the fact that in the super, so called “arithme- 
tical” selectivity is obtained during the heterodyning of the incoming sig- 
nal with the local-oscillator signal. This will be explained later. Also, 
the amplifying is done at the comparatively low fixed-frequency tc which 
the intermediate amplifier is tuned (excepting the amplification obtained 
in the r-f amplifier stage ahead of the first detector tube). Since this is 
usually around 460 kc in modern superheterodynes, each intermediate 
amplifier stage can easily be made to produce an amplification of about 
60 to 80, when screen grid type tubes are employed. Contrast this 
with the amplification of about 40 per stage usually obtained when the amp- 
lification is carried out at the high frequencies (1500 kc. to 545 kc.) at 
which the signals are amplified in the ordinary t-r-f receiver. This is 
because of the serious effects of stray and tube capacitances at these high 
frequencies. 

However, it should be understood that t-r-f receivers can be built to be just as 
sensitive as superheterodynes. It is just a question of providing^ enough amplifier 
stages. The point is, that in the superheterodyne system the same sensitivity or amp- 
lification can be produced with less amplifier stages. 

Also, since the intermediate amplifier stages in the super operate at 
the one fixed “intermediate frequency,” it is possible to use band-pass 
tuning in them, of a form designed to have much more nearly the ideal 
straight-sided flat-topped tuning characteristic desired, than is possible 
where the band-pass tuner must be tunable to various frequencies over a 
wide frequency range as in the case of the t-r-f receiver. This means 
that in a well designed superheterodyne it is relatively easier to obtain 
the high degree of selectivity required in receivers for use under present 
congested conditions. While these are possibly the most important ad- 
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vantages of the superheterodyne, others will be pointed out as we proceed 
with our study. 

383. “Beat” frequencies: Since the superheterodyne receiver 
depends for its operation on the production of “beat” frequencies, it is es- 
sential that we understand this action first. The phenomenon of the produc- 
tion of “beat frequencies” in electrical circuits is somewhat similar to the 
production of “beats” or beat frequencies, with sound waves. 

Suppose we strike the note C in the bass of a piano, we hear a certain note due 
to this particular frequency of vibration. Now if we strike one of the adjoining keys. 



I» POINTS OF INTERFERENCE (VERY WEAK SOUN^ 

Fig 278 — Phenomenon of “beats.” produced by the combination of sound waves of slightly 
different frequencies The two light curves represent sets of simple sound waves 
having a vibration frequency ratio of 8 to 5. The heavy curve, represents the re- 
sultant sound wave obtained by adding the amplitudes of the individual curves 
together at various points, due regard being taken of the relative directions at 
these instants Four points (R) of reinforcement {beata) and three of interference 
tlj are pn.>duced 


we hear a different note. If we strike both together, a note which differs slightly 
from both of these will be heard, and the sound will be found to swell and diminish 
at regular intervals. At regular intervals the two separate sound waves are in such 
phase relation that a condensation of one combines with a condensation of the other, 
reenforcing it and producing a louder sound or “beat note". At intermediate instants, 
•condensations combine with rarefactions and their interference produces weak or even 
inaudible sounds. Hence, the effect is a succession of loud sounds called beats, separ- 
ated by intervals of relative silence as shown in Fig. 278. Such beat notes can be 
produced by any two musical instruments when notes differing slightly in frequency 
are played. The number of beats produced per second will equal the difference in 
frequency of the two sets of vibrations. Thus with two sounds having frequencies of 
256 and 260 vibrations per second respectively, four beats will be produced every 
second. 

Now let US consider the production of “beat frequencies” in electrical 
circuits. Whenever two voltages or currents of different frequencies are 
combined, periodic reinforcement and weakening of the voltage or cur- 
rent are produced. Let us see just how this happens. 

Let us suppose that we have an a-c generator producing voltage or current of a 
frequency of 10 cycles, rising and falling during one second as shown at (A) of Fig. 
279. Let us suppose that we have another a-c generator producing another a-c 
voltage or current of 8 cycles, rising and falling during one second as shown at (B). 
We will assume that they are both introduced into a common “mixer” circuit as at (E), 
say by electromagnetic induction between the primaries and secondaries of the two trans- 
formers L ,and M shown. At the instant represented by the vertical line 1 - 1 the 10 
cycle voltage induced in coil L is at its peak value, and in the positive direction. At 
the same instant^ the 8 cycle voltage induced in coil M is almost at peak value in the 
opposite direction (negative) as shown. If we assume for simplicity that the peak 
value of the 10 cycle voltage is slightly greater than that of the 8 cycle voltage, then 
a small net voltage in the positive direction, equal to the difference between these 
peak values, acts in the “mixer” circuit at that instant as. shown by the height of the 
^combined voltage” wave above the axis line 0 - O at (C) where 1-1 crosses it. Thus 
at each instant the voltages induced in L and M combine (with regard to their direc- 
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tions at the instant) to produce a resulting^ voltagfe equal in value to the algebraic sum 
of their individual values. At the instant represented by 2 - 2, the negative voltage 
of the 10 cycle current and the negative voltage of the 8 cycle current have com- 
bined with each other to form a much stronger negative voltage amplitude in_ the 
combined curve at (C). At the instant represented by vertical line 3-3, the positive 
voltage peaks of the two upper frequencies have combined to form a new positive peak 
of much greater positive amplitude as shown at (C), etc. Now, close study of the 
curve at (C) reveals that between the instants represented by 1 - 1 and 3 - 3, the 
various peak values of the combined voltage rise steadily from a minimum 
to a maximum value. Then from instant 3 - 3 to 4 - 4, the peak values of the 
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Fig 279— The production of a ‘beat frequency” (D) In an electrical circuit, by the combina- 
tion of two currents oi \oltages (A) & (B) of differing frequencies The ”beat 
frequency” is equal to the difference between the frequencies of the two voltages 
or currents which have been combined 

combined voltage fall steadily to a minimum value again. This rise and fall in 
amplitude of the peak values is represented by the curve at (D). Curves (A) and (B) 
are, drawn to scale, that is, during the interval from S to T, there are 10 waves or 
cycles at (A) and 8 waves or cycles at (B). We find that during this time there are 
2 waves or cycles produced at (C), that is, the new resulting current or voltage pro- 
duced (shown at (C), varies in “amplitude"', the cyclic variation of its amplitude 
taking place at a frequency equal to the difference between the two original frequencies 
at (A) and (B). This point is a very important one to remember, for it is a condition 
which has been confused somewhat by loose consideration of the subject of beats by 
some writers. 

There is one additional important point to understand here. Referring back to 
Fig. 279, and by actually counting the number of cycles at (A), (B), and (C) we fin^i 
that during the time the current or voltage at (A) goes through 10 cycles, that at 
(B) goes through 8 cycles, and that at (C) goes through 9 cycles. In other words, 
when two voltages or currents are combined, what we really get, is a current or voltage 
having a resultant frequency which ts the average of the two frequencies. This re- 
sulting current or voltage however, varies in amplitude, the cycle of its amplitude 
variations taking place at a frequency equal to the difference between the two original 
frequencies. In the diagrams in Fig. 279 simple sine-wave voltages or currents were 
considered in order to make both the illustrations and the action easy to understand. 
If one of the voltages or currents considered were modulated, the same action would 
take place, only in this case, the amplitude of (C) would be modulated by this mc^ula- 
tion at each instant. Its peak values would vary at the difference in frequency, but 
would not vary in simple sine-wave form as shown at (D). They would vary accord- 
ing to the modulation of this one wave. This is too complex to be shown in a simple 
diagram. 
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384. The *‘beat" action in a superheterodyne: An actual exam- 
ple of the “beat’’ action in a superheterodyne receiver will be considered 
now. Suppose the modulated carrier signal voltage of a broadcasting sta- 
tion transmitting on say 1,000 kc is being received. Let us further 
suppose that this was modulated by a 3,000 cycle sound in the broadcast- 
ing station. Let us suppose also that the intermediate-frequency amplifier 
of this superheterodyne receiver is designed to amplify at a fixed frequency 
of 175 kc, permitting of course, a band of frequencies 10 kc wide (170 
kc to 180 kc) to pass through it freely, so that the sideband frequencies 
will not be cut or weakened. We will forget about the sideband frequen- 
cies for a moment and consider simply the carrier frequency. Now the 
desired signal is separated from those of other stations by the r-f tuning 
circuit, and is amplified by the single r-f stage. From here it goes to the 
“mixer” circuit where it is combined with a steady a-c voltage of 1175 
kc produced by the oscillator tube in the recei\er. (The oscillator has 
been adjusted to generate a voltage of this frequency for this particular 
case. When receiving stations of other frequencies, the oscillator must 
generate a different frequency in order to produce the 175 kc beats). 
The result is, that in the mixer circuit the 1,000 kc modulated signal volt- 
age and the 1175 kc oscillator voltage combine to produce a resultant 
voltage having a frequency equal to the average of these, that is 1087.5 
kc. This new resulting voltage makes cyclic variations in amplitude, at 
a rate of 1175 — 1000, or 175 kc every second (beat frequency). These 
variations in amplitude are in exact accordance with the modulations of 
.the incoming signal voltage. Now this 1087.5 kc resulting voltage is 
applied to the grid circuit of the first detector tube, this being either of 
the “grid leak and condenser” type, or the “grid-bias” type. The effect of 
the detector, is to demodulate the 1087.5 kc voltage, removing the 1087.5 
kc variations by the detector action (see Figs. 236 and 237). The out- 
put of the first detector is therefore a current or voltage possessing the 
175 kc cyclic variations modulated in accordance with the original signal 
modulations. After passing through the primary of the first coupling 
transformer, this is an a-c voltage of 175 kc modulated as above. It is 
then amplified by the intermediate amplifier, and finally fed to the second 
detector where it is demodulated again, only this time, the 175 kc varia- 
tions are removed and the audio-frequency modulations are left. These 
are amplified by the audio amplifier and fed to the loud speaker. The 
various changes which the incoming signal undergoes are shown at Fig. 
277. It is interesting to note that the first detector really performs .the 
function of detection or demodulation, notwithstanding the assertions of 
some writers to the contrary. It removes the variations of the average 
frequency resulting from the mixing of the incoming signal frequency 
and the oscillator frequency, and preserves the beat modulation. The 
second detector removes the intermediate-frequency variations, leaving 
only the original audio-frequency modulations. Without the first detector, 
we would have simply the radio-frequency of 1087.5 cycles fed to the in- 
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termediate amplifier. In this case* just as without the second detector* we 
would have in the audio circuit the frequency which passes through the 
intermediate amplifier. Now that we understand the most important ac- 
tion in the superheterodyne, let us proceed to study the design and opera- 
tion of the various main parts, starting at the antenna circuit and pro- 
ceeding through to the audio amplifier. 

385. The r-f amplifier in the super: Some superheterodynes 
are designed with sufficient amplification so that their signal voltages may 
be taken from a small loop of wire. As the loop is directional, it must be 
turned so its plane points toward the station being received, in order to 
obtain maximum signal strength. Most supers of recent design are made 
sensitive enough to operate from a very short antenna, thus reducing the 
pickup of static, etc. The use of ordinary radio-frequency amplification 
ahead of the first detector of a super may seem rather inconsistent at first 
thought, when we remember that so much more amplification would be 
obtained by using an additional intermediate-amplifier stage instead. The 
r-f amplifier stage has two other purposes however, besides that of mere 
amplification. First, it is usually included in order to be able to reduce the 
strength of the incoming signals of powerful unwanted local stations be- 
fore they reach the detector, to a value sufficiently low so that they do not 
produce cross modulation effects on weaker incoming signals which it may 
be desired to receive. This is the usual problem of '‘adjacent channel'' 
selectivity which is also encountered in ordinary t-r-f receivers. The 
other reason for the use of r-f amplifier stage, is one peculiar to the super- 
heterodyne circuit only. This is the problem of eliminating “image fre- 
quency". 

386. Image frequency: The problem of eliminating image fre- 
quency effect is probably the most serious drawback of the superhetero- 
dyne system. This is caused by the following action. Since the frequency 
of the beats produced, is equal to the difference between the frequency of 
the carrier wave of the incoming signal and the frequency of the oscilla- 
tor, it is evident that for any one oscillator frequency setting, there is a 
frequency above this and one below this such that the difference between 
it and the oscillator frequency is the same. 

Suppose the intermediate amplifier is designed for a frequency of 175 kc and 
a 1000 kc signal is to be received. In order to change the carrier frequency of this 
signal to the 175 kc intermediate-frequency, the oscillator can be set either at 1175 
kc or 825 kc, for in either case the difference in frequency is the 175 kc desired. 
If it is set at 1175 kc then it will not only change the 1,000 kc signal so it becomes 
175 kc in the intermediate amplifier but will al^o change any 1350 kc signal which 
may be received, so it also becomes 175 kc in the amplifier, since 1350 minus 1175 is 
also equal to 175 kc. Therefore, both of these signals will be amplified by the inter- 
mediate amplifier and of course will be heard together. The same action would take 
place if the oscillator were set at 825 kc. In this ca.se, both the 1,000 kc signal and 
the 660 kc signal would be present in the intermediate amplifier together, after having 
been acted on by the oscillator voltage and passed through the first detector. In the 
first case, the signal of 1350 kc is the image frcqncvcy signal. In the latter case, 
the 650 kc i.s the image frequency. It is also possible for two signals in the broadcast 
band, which f.re separated by the frequency of the intermediate amplifier, to reach 
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the ftrst detector, one serving to heterodyne the other to this frequency, and a modu- 
lation of one or both stations appearing at the loud speaker. This incoming signal of 
1, 500 kc could heterodyne with an incoming signal of 1,325 kc to produce beats at 
176 kc. 

387. Design of the r-f amplifier: It is evident that both of these 
problems connected with “image frequency” could be solved if we could see 
to it that only the incoming signal which we desire to receive, gets to the 
grid circuit of the first detector. This problem has been successfully solved 



in recent superheterodyne receivers, by obtaining a high degree of selec- 
tivity before the first detector through the use of a tuned r-f amplifier 
stage. For practical reception, it is necessary that this selectivity be such 
as to reduce the intensity of the interfering signal appearing at the first 
detectoV to a point where it is only one-five-thousandth or less of that of 
the wanted signal. Thus, the tuned r-f amplifier stage must provide a 
high order of “off-channel selectivity” rather than a high order of “ad- 
jacent channel selectivity” mentioned in Article 385. The latter can be 
obtained more easily and conveniently in the intermediate frequency am- 
plifier, than in the preceding r-f circuits. The cross modulation effects 
which may occur in this first r-f amplifier tube due to strong local signals, 
have practically been eliminated by the development of the variable-mu 
type tube which may be used in this position, (see Art. 313). 

Several forms of tuning circuits are suitable for the r-f amplifier. 
Since the action of the first tuned r-f stage in a superheterodyne receiver 
is exactly the same as that in a t-r-f receiver, the same forms of tuned 
circuits which have become popular for the first r-f stage in the latter 
types of sets are also ysed in modern superheterodynes. 

Among these are the circuits shown in Fig. 280. A single tuned circuit arrange- 
ment is shown at (A). The secondary of the r-f transformer which couples this r-f 
amplifier tube to the first detector is also tuned. At (B) a band-pass pre-selectSr ar- 
rangement of the ordinary capacity-coupled type is shown. This type of circuit pro- 
vides more selectivity than that at (A) and has been used extensively. At (C) is a 
very efficient arrangement in which the left hand or first tuned circuit is a rejector 
stage across the antenna and ground circuit. The action of this is to allow signal 
currents of frequencies above and below that of the wanted signal to flow without op- 
position through coil L, thus shunting them from the primary M. Between the an- 
tenna system and the r-f tube is another tuned circuit of the series resonance type. 
The combined- selective effect of these two tuned circuits is higher than that of the 
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conventional selector stage of (B) and, shows in addition, a higher voltage transfer 
from tne antenna to the r-f tube, since this system does not show as much loss as the 
average dual-selector stage employed in most r-f circuits. 

This arrangement gives a high order of both adjacent-channel and 
image-frequency selectivity and when used with a variable-mu type tube, 
results in freedom from cross-modulation. Coils suitable for the arrange- 
ments of (A) and (B) are shown in Fig. 281. At the left is that for the 
single tuned circuit, at the right is that for the band-pass circuit. In each 
case the primary winding is of the high inductance — high impedance type, 
lattice — wound in a narrow form. This inductance is so large that in 
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Kig. 2S1 — Left Antenna coil suitable for use in the circuit arrangement shown at (A) of 
Fig. 280. 

Rif^ht Antenna coil suitable for use in the arrangement shown at (B) of 
Fig 2S0 

In each coil, the narrow primary at the left, is of the high impedance type, lattlce- 
\\ounci The se( ondary is the long winding 


combination with the capacity of the antenna circuit it is in resonance to 
a frequency below that of any frequency to be received. At the lower 
broadcast frequencies where most receivers are insensitive, the use of a 
primary of this type results in somewhat greater gain than when a low- 
inductance primary is used. This was explained in Art. 371. 

388. The oscillator: The function of the local-oscillator is mainly 
to generate a steady high frequency a-c voltage or current. Its frequency 
must be variable within the range necessary to produce beats of the fixed 
frequency for which the intermediate amplifier is designed, with every 
signal which it may be desired to receive. All forms of oscillators operate 
by feeding back energy from the plate circuit to the grid circuit. Since in 
a vacuum tube containing more than 2 electrodes, the available energy in 
the plate circuit is greater than that in the grid circuit, if part of this 
energy in the plate circuit is fed back to the grid circuit in sufficient 
amount and proper phase relationship of the instantaneous voltages, there 
will be constant re-amplification and feeding back of energy from the 
plate to the grid circuit. The frequency of the oscillations so produced 
will be determined by the inductance and capacitance of the tuned grid or 
plate circuit and their amplitude will depend on the shape of the family 
of Ej - I|, characteristic curves, the rate at which the power is dissipated 
in the entire circuit, and the amount of energy fed back to the grid circuit. 
The energy may be fed back through the plate-grid capacity of the tube 
as has already been explained, or it may be fed back by coupling the plate 
circuit to the grid circuit by the inductive action between coils connected 
in the grid and plate circuit (as in Fig. 282 and 283), or even by external 
capacity coupling with condensers. AH forms of oscillators are not really 
suitable for use in superheterodyne receivers. 
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If the tuning circuit of the local-oscillator interacts with other tuning 
circuits in any way, there will be a change in local-oscillator frequency 
as these circuits are tuned. For this reason the circuit position of the 
oscillator is usually arranged by inductive coupling to an auxiliary wind- 
ing in the cathode return, or the grid lead of the fir.st detector circuit, so 
that detuning effects are negligible. 

Many types of oscillator systems may be used in superheterodyne 



first (leterior 


design, but the simple tuned-grid oscillator answers every requirement. 
The oscillator may be coupled to the mixer circuit in several ways. It 
may be coupled inductively by a coupling coil; by mutual induction; by 
means of a high resistance and small capacity in series; or by means of 
the screen-grid or cathode. Of these ways, mutual-induction is the sim- 
plest and the one most economical of space and material. 

The oscillator should be so designed as to deliver considerable power 
to the frequency changer, and this voltage should be as constant over the 
frequency band as possible. With a little care, the voltage change over the 
frequency band can be made less than 3 to 1. The r-f voltage delivered 
to the frequency changer should be so adjusted, by varying the coupling 
to the oscillator, as to give maximum sensitivity without overload of the 
frequency changer at any frequency. The allowable voltage will depend 
upon the point at which the frequency changer is being worked. 

The ideal local-oscillator should possess the following characteristics : 
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It should produce a constant frequency at any setting; should produce 
constant frequency free from objectionable harmonic frequencies; it 
should have constant power output over the tuning range ; should radiate 
a minimum of energy into space to be picked up by other nearby radio re- 
ceivers; and should produce minimum detuning action on the rest of the 
circuit through electrostatic and magnetic coupling. In some receivers, 
constant power-output of the oscillator over the full tuning range is not 
desired. In these, the output of the oscillator is purposely made greater 
for those frequencies at which the sensitivity of the receiver as a whole 
would be rather low. In this way, the sensitivity is made more uniform. 
Oscillator coils should be shielded to prevent radiation of energy to near- 
by receiving systems. 

Two popular types of oscillator circuits for superheterodynes are shown in the 
superheterodyne receiver circuit diagrams in Figs. 282 and 283. In Fig. 282, the out- 



put of the oscillator is inductively coupled to the grid coil of the first detector. This 
is a tuned-grid circuit oscillator having a closely-coupled plate coil that gives suffi- 
cient feedback to provide stable operation. The peculiar grid circuit tuning arrange- 
ment shown is so designed that by means of a correct combination of capacity and 
inductance, a constant frequency difference (equal to 175 kc, the intermediate fre- 
quency) between the oscillator and the tuned r-f circuits is obtained. 

In Fig. 283 the oscillator uses what is known as a “tank” tuning circuit which 
is substantially dissociated from the oscillator tube so far as frequency stability is 
concerned. Energy is fed back from plate coil L^. to grid coil by magnetic couplings 
between Lo and L 3 and between and L^. The oscillator signal is fed to the grid 
circuit of the first detector tube by means of the j:oil Lj connected in the cathode cir- 
cuit. Since L, is between the cathode and the f0,0(T0 ohm grid bias resistor of the 
first detector, the voltages induced in it by magnetic coupling with Lo are impressed 
on the grid circuit. 

Two forms of oscillator coils for superheterodyne receivers are shown 
in Fig. 284. The coil at the left has three windings, one for the grid tuning 
circuit, one for the tube plate feedback, and a small coupling coil for in- 
ducing the oscillator voltage into the grid circuit of the first detector. At 
the right is a single unit containing the coils L,, Lg, L, and Lio from left 
to right in t)te order given, in the circuit diagram of Fig. 282. It is poss- 
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ible to operate the oscillator so that its frequency is always higher by a 
fixed amount (equal to the i-f), than the signal frequency, or operate it 
so its frequency is lower than that of the signal by this same amount, for 
in either case the frequency difference between the two will be the same. 
In practice, because of image-frequency interference considerations, the 
oscillator frequency is usually made higher than the signal frequency. 
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Fig. 2S4 — Loft 0.*!(_’ilIntor coil with coupling, plate, and grid windings. 

Right Oscillator coil with windings L4, L5, L3, and LIO for use in the type of 
circuit shown in Fig 2ft2 


389. Single control of the tuning circuits: The problem of ach- 
ieving; single-control of all the tunable circuits in a modern superhetero- 
dyne receiver is one which long defied the ingenuity of receiver designers. 
In the circuit of Fig. 282 for instance, Ci and Cs are the tuning condensers 
which must be varied to tune the circuits to exact resonance to the fre- 
quency of the incoming signal. These condensers may be made to track 
up easily enough if a gang condenser is used for tuning. However, con- 
denser C; must tune the oscillator circuit to a frequency always exactly 
176 kc higher than that to which the other two circuits are tuned, if the 
intermediate frequency is 175 kc. This problem has been solved in prac- 
tice in two ways. One is to use a gang condenser in which the plates for 
Cl and C 3 are similar but in which the plates of C 2 are shaped properly to 
give the proper tuning curve (so frequency is always 175 kc higher than 
the other two) under the circuit conditions for that section. These shapes 
have been worked out sufficiently close, and condensers designed especially 
for this purpose are available for use in practical single-control receivers. 

The other solution is to use a gang condenser having exactly similar 
sections, but provide a “pad” circuit arrangement, which automatically 
balances up the inequalities in the tuning circuits. 

The theoretical considerations involved in the design of these are too complex 
for presentation here, but it will suffice to s.sy that a rule for the t 3 rpe of network 
shown in the circuits of Fig. 282 and 283 has been worked out experimentally. Re- 
ferring to Fig. 282, this states that if tuning condensers Cj, C, and C. are alike, and 
Co, is made a^ut twice the value of C, or at its maximum setting, for an oscillator 
inductance 22 % less than L, (this value is not critical) the rate of chuge of the total 
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capacitance in the oscillator circuit will be such as to give a tuning curve which main- 
tains the oscillator frequency a given fixed value above the frequency of the second 
detector grid circuit for any setting. The two small capacitances Coq and are sim- 
ply small midget condensers* which are employed to align the circuits at the high and 
low wavelength ends, respectively, of the tuning range. 

The trimmer condenser Cr, across the tuning section of the oscillator 
network, adjusts the minimum capacity of the system, and thus effects 
an alignment of the oscillator circuit at the low wavelength end of the 
range. The other fixed condenser trimmer C 2 o» serves to effect a similar 
alignment at the high wavelength end of the spectrum. Tracking through- 
out the mid-range will be perfect enough to avoid any necessity for the 
use of a manually-operated trimmer while tuning. The same form of 
tuner circuit is employed in the oscillator circuit of Fig. 283. If signals 
of any station in the broadcast range (550 to 1,500 kc) are to be received, 
and the intermediate frequency is say, 175 kc, the range of the oscillator 
must be from 550+175 or 725 kc to 1,500+175=1675 kc. 

390. Choice of the intermediate frequency: The selection of the 
value of the intermediate frequency employed is very important. The 
choice of the intermediate frequency has, in the past, often seemed a mat- 
ter of the set-designer’s whim, but actually, it is definitely settlea by the 
conditions of the actual problems involved. Let us see what they are. 

For high amplification and good selectivity, the lower the i-f, the better, whereas 
for freedom from image-frequency interference, the higher the i-f the better. As the 
image-frequency problem is perhaps the most serious one, a high i-f might see'in to be 
best, but another factor enters, limiting the upper limit of i-f which may be employed 
in practice. Any detector generates some harmonics of the r-f signal carrier applied 
to it, and in the case of a power detector handling high signal voltages, harmonics, 
op to the third, represent quite a fair percentage of the fundamental. It has been 
found that if the third harmonic of the i-f falls in the broadcast band, leakage in the 
set from second detector output back to hrst detector can cause serious interference 
problems, so that the i-f should be low enugh to keep its third harmonic below the 
broadcast band. The third harmonic of 175 kc, for example is 525 kc, just safely below 
the broadcast band, and therefore 176 kc has been chosen as the intermediate frequency 
in.many modern receivers. The reason why 170 kc is not chosen, is that the choice of 
an i-f that is a multiple of 5 kc rather than 10 is desirable, since broadcasting station 
frequencies in the United States are separated by 10 kc, and two stations themselves 
separated by 170 kc or 180 kc will cause less trouble to a sharp 175 kc i-f amplifiier 
than they would to a 170 kc amplifier. This has been discussed in Article 386. 

391. The intermediate amplifier: The function of the intermedi- 
ate-frequency amplifier is to amplify a band of frequencies not more than 
10 kilocycles wide (with the present broadcast and audio range of 5,000 cy- 
cles), that is 6 kc on either side of the value of the intermediate fre- 
quency it is designed for. Screen-grid tubes are commonly employed in 
i-f amplifiers on account of their high amplification factor. It is possible 
to obtain an actual amplification of 80 or so per stage in a well designed 
i-f amplifier. The tubes could be coupled together by resistance, trans- 
former, or impedance coupling, but since the i-f amplifier is a fixed-fre- 
quency amplifier, it presents a splendid opportunity for the use of band- 
pass tuners designed to produce actual results close to the theoretical 
ideal. The s^ple form with a tuned primary and tuned secondary with 
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magnetic coupling between the coils is commonly employed on account of 
its cheapness and simplicity. Fig. 282 shows the arrangement of two such 
stages. In Fig. 283, three are used. 

The interstage transformers are designed with a large ratio of L to C, and small 
adjustable compression type mica condensers having a range of approximately 100 
to 200 mmf. are used to tune each winding to the frequency required. Many of the 
smaller midget receiver designs contain only a single intermediate stage, and for this 
single stage amplifier the transformer should be designed so that the stage will have 
a gain approximately seven times as great as when two stages are used. This can 
be done by winding the coils with litzendraht wire, keeping the ratio of L to C higher 
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ng 285 — InttTinediatt'-freciuency transformer for coupling first detector to first 1-f 
amplifier tube The coupling between the primary and secondary Is made looss 
b.\ means of the copper ring between. 

Right Same type of i-f coil for the other l-f stages. The tuning condensers are 
in the base 

than the ratio for the two stage transformers. The mutual inductance between the 
windings is chosen so that the resonance curve will approximate a flat top, with band- 
pass characteristics. 

The proper value of mutual inductance cannot be expressed as a certain distance 
between the primary and secondary coils, because this distance will vary with differ- 
ent amplifier designs. To secure the proper degree of selectivity it is necessary, as a 
rule, to use less coupling between the tuned circuits of the first stage than is used in 
the succeeding stages. In cases where the physical dimensions of the shields have 
prevented sufficient separation of the coils to reduce the coupling to the proper value, 
small copper ring shields have been used between the coils with good success. These 
copper rings may then be bent until the coupling is just the proper value. This ring 
shield is usually employed only in the first stage transformer. A unit of this type 
is shown at the left of Fig. 285, with its enclosing shield cut away to show the interior. 
One of the intermediate coils without the ring is shown at the right. The tuning con- 
densers for each coil unit are mounted below the respective coils. 

As all the circuits of the intermediate amplifier are tuned, it is vital in order to 
preserve the proper selectivity and amplification, that the adjustable tuning capacities 
have good electrical properties. They must also be mechanically correct so that they 
will permanently hold th^ir adjustment without change in capacity value. 

A commonly used mounting for the small universally wound coils, which are em- 
ployed for the tuned intermediate circuits, is wooden doweling. There is no objection 
to this material provided that it is impregnated with wax. so that the wax penetrates 
entirely through the wood. The intermediate transformer assemblies should be shielded. 

It is quite possible to properly design a superheterodyne of “midget” 
proportions and still retain the full amount of amplification used in the 
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larger receivers of this type. It can be made to perform as well as the 
larger receivers in everything but reproduction, and even here it would 
not fail if it had an equivalent amount of baffling for the reproducer. The 
complete chassis of a midget superheterodyne receiver of this type, com- 
plete with its electro-dynamic type loud speaker is shown in Fig. 286. 
The sensitivity of this particular receiver is 6 to 10 microvolts per meter. 
The three gang condenser which tunes the dual antenna circuit selector 
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ri«. 286 — The chassta and loud speaker of a typical midget type superheterodyne receiver. 

The chassis measures only 12 inches wide. The sensitivity is 6 to 10 microvolts 
per meter. 

and the oscillator circuit is seen at the lower left of the chassis. The 
chassis of this set is only 12 inches wide. 

392. The second detector: The second detector employed should 
be of the power type. Only a single audio stage is used in most supers 
because the gain of the receiver is so high that a second audio stage 
would be of no advantage and would tend to increase the hum in a-c 
operated receivers. The use of but one audio stage requires less “B” 
power supply filtration, but more i-f gain, which however, is easier to 
obtain in a super than is additional audio gain. The circuit of Fig. 282 
shows the connections for a '27 type power detector feeding into a single 
audio stage. In Fig. 283, the second detector feeds into two audio stages, 
used on account of the special audio tone-coiitrol employed. 

393. Arithmetical selectivity: Another advantage of the super- 
heterodyne receiver is that due to the so-called arithmetical selectivity 
which is obtQ^ned. This can best be illustrated by considering the problem 
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of selecting a wanted station at, say, 1,000 kc and yet completely elim- 
inating an unwanted station at 1,010 kc. 

The frequency separation is seen to be 10 kc, or 1 per cent, and such 
separation presents problems which no t-r-f receiver (even one employing 
five or six tuned circuits) , can completely satisfactorily meet. In the case 
of the superheterodyne however, where the intermediate amplification 
frequency may, for this purpose, be considered as a frequency of 176 kc, 
it is apparent that when the wanted and unwanted signals are both hetero- 
dyned, they will appear 10 kc apart at the intermediate-frequency am- 
plifier. That is, the wanted stations will appear at 175 kc and the un- 
wanted station will still be 10 kc away. The percentage difference in 
this case is seen to be about 5.7 per cent and it is apparent therefore, 
that the relative selectivity problem is approximately six times simpler 
for the super with 175 kc i-f amplifier than for the t-r-f set which must 
perform discrimination between original signals of 1,000 and 1,010 kc. 

394. ‘‘Repeat** points: With many of the old 2-dial control super- 
heterodynes, it is possible to tune a single station in at two separate set- 
tings of the oscillator dial, or tune in two separate stations with a given 
setting of the oscillator dial. This is due to the fact that the oscillator 
tuning control and the antenna circuit tuning control are separate and that 
insufficient selectivity is provided ahead of the first detector. 

The incoming signal can be converted to the beat frequency when the 
oscillator frequency is the proper amount above its frequency (1 setting), 
and also when the oscillator frequency is the proper amount below its 
frequency (the other setting) . To make this clear, let us suppose that the 
intermediate or “beat” frequency is to be 100 kc. If a signal of 650 kc 
is tuned in, the frequency of the oscillator can either be adjusted to 460 
kc or 650 kc to provide this beat frequency of 100 kc. Also if the os- 
cillator frequency were set at say 650 kc, and there were two stations 
operating at 550 kc and 750 kc equally powerful at the input to the re- 
ceiver, both would provide the required 100 kc intermediate-frequency 
and both would be heard together. In modern single-control receivers, 
this is eliminated by providing adequate selectivity ahead of the first 
detector, using a moderately high i-f, and ganging the condensers together 
so the oscillator frequency is always an equal frequency above that of the 
antenna tuning circuits. 

395. The “Autodyne”: In the autodyne system, one tube is elim- 
inated by combining the functions of the oscillator and the first detector. 
The input circuit from the antenna is coupled to the oscillator, which also 
acts as the detector. This is tuned so its frequency differs from the incoming 
frequency by the exact number of kc to which the i-f amplifier is tuned. 
A super of this type is called an avtodyne because the signal is automatic- 
ally heterodyned in the local oscillator or first detector, instead of re- 
quiring the additional mixing circuit and tube. Some loss in signal 
strength is experienced in autodynes, because the first detector is actually 
detuned from the incoming signal. 
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396. Frequency changers: The principle of the superheterodyne 
can be applied to any existing t-r-f receiver by adding an oscillator and a 
mixing tube. In a system of this kind, all of the tuning circuits of the r-f 
amplifier are set at some fixed frequency to give maximum amplification 
within the broadcast band. The tuned r-f amplifier is therefore used as 
the “intermediate amplifier” of the super system. The oscillator output 
produces beats with the incoming signals so that this intermediate fre- 
quency is generated and amplified. The signals are finally detected in 
normal manner by the detector in the t-r-f receiver. The oscillator must 
of course be designed to produce the proper range of frequencies, depend- 
ing on what the intermediate frequency is to be. Superheterodyne type 
short wave converters are commonly used for receiving short wave pro- 
grams. The oscillator produces beats at the lower frequencies to which 
the t-r-f amplifier of the receiver it is used with is tuned. These “fre- 
quency changers” or so-called short wave converters are discussed in de- 
tail in Art. 665. 

397. Adjusting the circuits of a superheterodyne: In a super- 
heterodyne receiver, it is essential that the tuning circuits controlled by 
the gang tuning condenser be kept accurately aligned. Also, the tuned cir- 
cuits formed by the primary and secondary windings of the intermediate 
transformers must be adjusted accurately so as to pass a band of fre- 
quencies 6 kc above and below the i-f. The methods and apparatus used 
for adjusting these circuits will be considered in Art. 639. 

REVIEW QUESTIONS 

1. Show by means of a block diagram, the various parts of a super- 
heterodyne receiver, and explain briefly the various changes 
which the signal undergoes as it proceeds through the set. 

2. What is the essential difference between a t-r-f receiver and a 
superheterodyne ? 

3. What is the main advantage of amplifying at an “intermediate 
frequency” lower than the frequency of the incoming signal? 

4. State three advantages of the superheterodyne form of receiver 
over the ordinary t-r-f receiver for broadcast band reception. 

6. Explain in detail the phenomenon of “beat frequencies” taking 
place when a voltage having a frequency of 1,000 kc and one 
having a frequency of 600 kc are made to act together in the 
same circuit. What is the frequency of the beats produced? 
What is the frequency of the resulting voltage? 

6. A superheterodyne receiver with a 175 kc intermediate ampli- 
fier is to be designed for reception of signals over a frequency 
range of 600 to 3,000 kc. What must be the frequency range of 
the oscillator in this receiver? 

7. Give one example of how image frequencies might be received 
by a superheterodyne. By what practical arrangement could 
th^ be eliminated? 
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8. What is the difference between adjacent-channel selectivity and 
off -channel selectivity? Which is most important in (a) the r-f 
amplifier stage of a superheterodyne'; (b) in the i-f amplifier? 

9. What factors influence the selection of the i-f for a broadcast 
superheterodyne receiver ? 

10. Why is it necessary to “demodulate” the combined output of the 
antenna and local oscillator, in order to obtain the beat fre- 
quency ? 

11. What form of coupling is generally employed between the i-f 
stages of a broadcast superheterodyne? What is the advantage 
of this form of coupling here? 

12. Explain the fundamental principle of the operation of a vacuum 
tube as an oscillator. 

13. What is the function of the oscillator? How is the output of 
the oscillator made to combine with the input signal? 

14. Why must the frequency of the oscillator be varied for each 
different station received in a superheterodyne receiver? How 
is this accomplished? 

15. What is the advantage of making the oscillator frequency always 
higher than the signal frequency? 

16. What is the advantage of using a high-inductance primary 
loosely coupled to the secondary coil in an antenna coupling coil. 

17. Why is a special “pad” circuit arrangement, or a condenser 
* section with specially shaped plates, required for tuning the os- 
cillator circuit in a single control superheterodyne? 

18. Explain in detail some of the factors which govern the choice 
of a suitable i-f for broadcast band superheterodynes. What 
i-f is used in most supers now? What advantages does this 
frequency have over others? 

19. What is the purpose of the “second detector?” 

20. Explain what is meant by the “arithmetical selectivity” obtained 
by the beat action in a superheterodyne. 

21. How may an ordinary t-r-f receiver be converted into a super- 
heterodyne, using the tuned stages of the t-r-f set as the inter- 
mediate amplifier’ What additional parts are necessary? 
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DESIGN OF R. F. AMPLIFIERS AND TUNING COILS 

TUNING CIRCUITS — FORMS OF INTERSTAGE COUPLING COILS — CALCULATING 
THE INDUCTANCE OR CAPACITANCE REQUIRED — DESIGNING THE WINDING BY 
USE OF FORMULAS — COIL DESIGN BY MEANS OF CHARTS — DESIGN OF THE 
PRIMARY WINDING — EFFECT OF VARYING THE COUPLING — CONSTANT R. F. 
COUPLING — LOSSES IN TUNED COILS — DISTRIBUTED CAPACITY — COIL 
SHAPES AND TYPES OF WINDINGS — INTERSTAGE COIL COUPLING — R. F. COIL 
PROPORTIONS — PLACEMENT OF R. F. COILS — SHIELDING IN R. F. AMPLI- 
FIERS — EFFECT OF SHIELDING ON TUNING COIL — GENERAL SHIELDING 
CONSIDERATIONS — REVIEW QUESTIONS. 

398. Tuning circuits: We have seen that both the t-r-f and the 
superheterodyne forms of tuners used in radio receivers depend for their 
operation on electrical resonance produced in tuned circuits consisting 
usually of inductances and condensers of proper values depending on the 
frequency range to be received. If the circuit is to be tuned at will to any 
frequency within a certain specified frequency band, the coil is usually of 
fixed inductance and the tuning condenser is of the variable type. If the 
combination is always to be in resonance at some one fixed frequency, both 
the inductance and the condenser are made fixed, or the latter is semi- 
adjustable, as in the case of the i-f tuning coils in the superhetet'odyne. 
Thus far, we have referred to the coupling coils or transformers used 
for this purpose, in a rather abstract way, no attempt being made to study 
their design in detail. This will be considered now. Several forms of 
coils in superheterodynes were shown in Chapter 22. 

399. Forms of interstage coupling coils: The tendency in mod- 
ern t-r-f receivers is toward the use of the air-core type of r-f trans- 
formers in which the primary and secondary windings are on thin tubes 
of insulating material such as Bakelite or Formica. The use of iron 
cores is of course objectionable on account of the excessive eddy current 
and hysteresis losses at these high frequencies unless special design pre- 
cautions are taken. Some interesting r-f transformers have been pro- 
duced with special chemically treated compressed iron dust cores, in which 
each particle of iron is insulated from the next by a thin insulating film 
of oxide, etc., but they have not attained much commercial success. The 
windings consist of either cotton, silk or enamel covered copper magnet 
wire, the latter being used extensively on account of its lack of moisture 
absorption a;id better mechanical characteristics for quantity-production 
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machine winding. The secondary winding is usually tuned by a variable 
condenser to produce resonance. We have already studied in detail, in 
Articles 172 to 178 and elsewhere, the actions which take place in the 
tuned circuit, so we will not repeat them again here. Suffice it to say, 
that the inductance and capacity required to form a resonant circuit at 
any frequency or wavelength can be calculated by formulas or may be 
found quickly by charts arranged especially for this purpose. 

The usual procedure in designing tuning coils, is to design the tuned 
winding or inductance first, since this depends in any case, on the size of 
the tuning condensers employed, and the frequency, or frequency range, 
over which resonance is to be obtained. The sizes and design of tuning 
condensers employed for use in t-r-f circuits has been fairly well stan- 
dardized in the U. S., as explained in Articles 150 to 154, variable tuning 
condensers having a maximum capacitance in the neighborhood of .00036 
mf. being used most in broadcast-band tuners. 

400. Calculating the inductance or capacitance required: Any 

inductance in combination with a given capacitance (as in Fig. 223 for 
instance), will be in resonance or in “tune’' at a certain definite frequency 
or wavelength which may be calculated from the equations already dis- 
cussed in Articles 116, 173, 176 and 177. These will be summarized here 
for convenience: First, the resonance frequency in cycles per second is 

found from the equation: 

* 


159,000 

v/L (Microhenries) xC (Microfarads) 


( 1 ) 


from which L:^ 


^5^8X10'° 

f-C 


( 2 ) 


or, C= 


2.528X10“>- 

f=L 


(3) 


The wavelength in meters, at which resonance takes place is found 
from: 


Wavelength =1 885 X V L (Microhenries) X(i) (Microfarads) 

U) 


from which L= 


Wavelength* 

3.65X10«XC 


^ Wavelength* 


.( 5 ) 
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The self-inductance of an air-core solenoid coil in microhenries, is 
approximately equal to : 

L=0.0251 d2 n* 1 K - - (7) 

Where n=the No. of turns per inch (see magnet wire table in Fig. 288 for parti- 
cular size and kind of wire being used). 

d=z:mean diameter of the solenoid in inches. 

I z=:the length of the solenoid when wound (inches). 

K is the “form factor** (Nagoaka*s correction factor), which depends for 
its value on the ratio obtained by dividing the diameter by the length 
of the winding. Values of K for various diameter-length ratios are 
given in the following table. 


VALUES OF “K** FOR USE IN FORMULA (7). ABOVE 


Diam. 

K 

Diam. 

K 

Diam. 

length 

K 

Diam.l 

K 

Diam.l 

length! 

K 

length 

■IMMt] 

length! 

0.00 

1.0000 

1 1.20 

.6476 

2.80 

.4462 

6.40 1 

.3060 

16.00 1 

.1457 

.10 

.9688 

' 1.30 

.6290 

3.00 

.4292 

5.80 1 

.2916 

18.00 1 

.1336 

.20 

.9201 

1.40 

.6116 

3.20 

.4146 

6.20 1 

.2795 

20.00 1 

.1236 

.30 

.8838 

1.60 

.6960 

3.40 

.4008 

6.60 1 

.2686 

24.00 1 

.1078 

.40 

.8499 

1.60 

.6796 

3.60 

.3882 

7.00 1 

.2684 

28.00 1 

.0959 

.60 

1 .8181 

1.70 

.5649 

3.80 i 

.3764 

7.40 i 

.2491 

35.00 1 

.0808 

.60 

1 .7886 

1.80 

.6611 

4.00 

.3664 1 

7.80 1 

.2406 

i 45.00 1 

.0664 

.70 

.7609 

1.90 

.5379 1 

4.20 

1 .3661 i 

8.50 1 

.2272 

60.00 1 

.0628 

.80 

.7361 

2.00 

.6265 

4.40 

1 .3466 1 

9.50 ! 

.2106 

80.00 1 

.0419 

.90 

.7110 

2.20 

.6026 

4.60 

1 .3364 I 

10.00 1 

.2033 

, 00.00 ! 

.0360 

1.00 1 

.6884 

2.40 

.4816 

4.80 

1 .3279 1 

12.00 1 

.1790 

! 1 


1.10 

.6673 

2.60 1 

.4626 

1 5.00 

1 .3198 ! 

14.00 1 

.1606 

1 



Note: This formula assumes the coil to be wound with an infinitely thin con- 
ducting tape, the edges of which touch, though electrically insulated. The correction 
for the commercially available conductors commonly used is relatively small and may 
be neglected so far as practical results are concerned. 

Calculations involving the use of equation (1) may be simplified by 
the use of the table of L C values which will be found in Appendix I. 
By means of equations (2), (3), (5) or (6) the required value of either 
the inductance or the capacity may be calculated, if either the wavelength 
or the frequency are known. These are all derived from the same formu- 
la, but are given here in order to make the calculations convenient. It 
should be remembered that in a practical tuned circuit used in a radio 
receiver, the capacity of the tuning condenser is not the only capacity that 
tends to tune the inductance. As shown at (B) of Fig. 26G, the mutual 
coupling capacity to the primary (if one is used), the distributed capaci- 
tances of the coil, and wiring, input grid-cathode capacity of the tube, etc. 
all act to tune the coil. Therefore if accurate calculations are desired, the 
sum of these must be considered as the effective tuning capacitance. For 
rough determinations however, only the tuning condenser capacitance is 
considered and one or two turns of wire less are used on the coil to allow 
for the other stray capacitances. 

Problem: What must be the inductance of the secondary winding of an r-f trans- 
former if it is to tune to a wavelength of 600 meters (600 kc) when the 
variable tuning condenser of .00036 mf. is set at maximum capacitance? 
Solution: from equation (5) we find. 

Wavelength^ 600x600 

L= = =z300 Microhenries (approx.) 

“ 3.66X10«XC 3.66 X10«X 00036 
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401. Designing the winding by use of formulas: After the value 
of inductance which is required is determined, the exact winding data 
for the coil must be found. This is really the most difficult part of the 
problem, for it depends on many factors. For instance, in the above prob- 
lem, we found that a coil of 300 microhenries is to be used for the parti- 
cular conditions mentioned. As we shall see later, there are various types 
of windings such as solenoid, honeycomb, torroid, etc., which could be 
employed. We will assume for simplicity that a simple solenoid winding 
is to be used, since this is the most efficient and widely used form employed 
in the tuned circuits of short wave and broadcast band, t-r-f receivers. 
The next thing to be determined, is the diameter of the coil. Here again 
we have a wide choice, but since modern receiver design requires small, 
compact coils, with very limited external magnetic fields, we will assume 
that our coil is to be wound say, one inch in diameter. Coils of %» or 

inches in diameter are used extensively since they are compact, and 
may be shielded by metal shield cans of small size. Next, we have a choice 
of size of wire and kind of insulation to be employed. Enamel covered 
copper wire is used extensively, due to its many advantages which will 
be discussed later. Sizes from No. 22 B and S to No. 32 B and S gauge 
are being employed, the smaller sizes being used most, in order to keep 
the length of the coil winding short. Let us now see how the winding 
data is determined if the coil diameter and size to be used, are known: 

From formula (7) we have: Lzz:0.0251 1 K. Since we must find 1 first and then 

find the fiumber of turns for this length of winding from the magnet wire table, we 
can arrange this formula in the form, 

L 

• 

.0251 d'-^ n2 K 

Now it is evident that the known factors are L and d. If the wire size is known, 
n may be also found finm r magnet wire table such as that of Fig. 288. We do not 
know the value of K because this varies as the length of the winding is varied. 
Therefore we must assume an approximate value for the total number of turn? and 
proceed with the calculation on that basis. If we have had some experience in de- 
signing windings of this type, we will probably be able to assume this value for the 
number of turns, close to the actual value. Then the value of K corresponding the 
length of the coil with these turns is found from the table. The computations must 
be carried out on this basis. The coil diameter must then be divided by the length of 
the winding obtained, and the value of K for this ratio must be checked back against 
the value assumed. If they differ greatly, a new value for the length of the winding 
must be assumed, and the calculation made over again. This procedure must be 
repeated until the correct values are found. 

402. Coil design by means of charts: It is evident that the use 
of the formulas for the design of a solenoid tuning coil is not very con- 
venient because of the involved computations necessary. In order to sim- 
plify this work and obtain results accurate enough for ordinary coil design 
work, special charts have been devised, which enable one to design a sole- 
noid coil in a few minutes simply by the use of a straight-edge, pencil and 
paper. The charts for this purpose have been arranged together with 
complete instructions for their use in Fig. 287. Chart No. 1 at the left 
may be employed to find the inductance or capacitance if the wavelength of 
resonance is known. Chart No. 2 is for finding the coil desi^fn data. A 
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COfMCCT TWO KNOWN VKlUtS arRtADTHIBO AT POINT CONNECT THBtt KNOWN VALUES AS PEB KEY, AND BEAD 

Of INTEBSCCTION. TOURTH AT POINT OF INTERSECTION. 

eXAMPlX: IF VtOOH ANO C».OOOJ5MFD,THENL=300M.H. EXAMPLE: IF L = 500MH.,D=a‘, AH0N=55 ^THEN jf-1% 

Fiff. 287 — Charts for rapid design of solenoid tsrpe tuning colls. Their use Is explained in the text. 
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convenient table giving the turns per inch, feet per pound, etc. of the many 
sizes and types of wire is given in Fig. 288. The use of these is illustrated 
by the following problem : 

Problem: What must be the inductance of the secondary winding of an r-f trans- 
former if it is to tune to 600 meters when the variable tuning condenser of 
.00035 mf. is set at maximum capacitance? The coil is to be wound with 
No. 28 double silk covered (d. s. c.) wire, on a two-inch diameter form. 
Find the number of turns required for the winding and the length of the 
winding. 

Solution: First use chart No. 1 in Fig. 287. Lay a straight edge on the chart so it 
connects the points representing the two known values, i.e., wavelengths 
600 meters and tuning capacitances. 00035 mfd. The required indlictance 
IS read at the intersection of the straight edge with the inductance scale 
(L). It is 300 microhenries (the dotted lines on the chart have been 
drawn to show the condition for this problem). 

The dimensions of the coil can be found easily from the chart No. 2 
at the right and the wire table of Fig. 288. A line is drawn from the 300 
point on the common L scale, to “2” on the coil diameter scale (D), inter- 
secting the index line at point “e’*. Referring to the magnet wire table 
of Fig. 288, we find that No. 28 double silk covered wire winds to 53 turns 
per inch. Another line is now drawn from this value on the “turns per 
inch” scale (N), through intersection point “e”. It is found to intersect 
the coil-length scale (1) at about 1.7 inches. This means that the coil 
should be wound to a total length of 1.7 inches. Since this wire winds 
to 53 turns per inch, there will be 53yl.7 or 90 turns of wire on the 
coil. Ans. 

The charts can be also operated fn the reverse direction, always mak- 
ing sure that the correct pairs of scales are connected together, as shown 
by the “Key” at the lower right of the charts. Thus, if a coil has a certain 
number of turns of wire of a certain kind and size on a certain size of 
form, its inductance may be found. 

In order to find the exact minimum wavelength (or highest frequen- 
cy) to which the variably tuned circuit will tune, it is necessary to know 
the following factors: the minimum capacitance of the condenser; the 
distributed capacitance of the coil and wiring; the grid-cathode capaci- 
tance of the tube it works into; and the capacitance between the coil and 
metal shielding (if any is used). These capacitances all act to tuno the 
coil. Let us suppose that in the above problem the total of all these capa- 
citances at the minimum setting of the tuning condenser, is C=. 00003 mf. 
Using this value for C, and 300 microhenries for L, we find from the 
charts, that the minimum wavelength to which the circuit will tune, is 
180 meters (1,666 kc). This example shows how simple the design of 
tuning coils becomes, with the aid of the charts and wire table. They can 
be used in many ways, for finding any constant of a tuned circuit, when 
the other constants necessary are known. 

It must be remembered that the values obtained by this method of 
coil design apply only to a single coil of wire isolated in space and con- 
nected to a tuning condenser. The moment another coil is brought into 
its vicinity, the conditions change since the magnetic fields interact and 
the inductance decreases. For instance, if this coil is to be used with an 
untuned primary coupled to it, it will be necessary to use one or two more 
turns on it'than the number indicated by the charts. This also holds 
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true when a tickler coil is used with it. If the coupling between the var- 
ious coils is loose however, there will not be much change in the induc- 
tance of the secondary, so no correction need ordinarily be made. The 
same design procedure applies to the coupling devices used in impedance 
or tuned-plate r-f amplifiers. 

403. Design of the primary winding: The design of an untuned 
primary winding for an r-f transformer presents several difficulties, and 
in most cases the final design represents a compromise between several 
factors. Since the function of the primary coil is to transfer energy to the 
secondary through the medium of its magnetic field, it would seem that 
best results would be obtained by a large number of primary turns so 
closely coupled to the secondary coil that all of its lines of force link with 
the secondary. This condition would best be met by winding the primary 
on a form and placing it inside of the secondary either as a concentrated 
winding at the center or a distributed winding equal to the length of the 
coil. However, a consideration of the principle of pure transformer action 
as studied in Article 111, shows that greatest voltage step-up in the trans- 
former is obtained by making the ratio of the secondary turns to the 

primary turns as great as possible. Since the secondary turns are deter- 
mined and fixed by the size of the tuning condenser used and the lowest 

frequency to which the circuit is to tune, this would mean using only a 

few turns for the primary winding in order to get a large step-up ratio. 
However, the conditions in r-f transformers are quite different, for since 
no iron core is employed, not all of the lines of force of the primary link 
with the secondary, that is, there is a large magnetic leakage. Therefore, 
,if we used only a few turns on the primary, so few lines of force would 
link with the secondary, that very little voltage would be induced in the 
secondary at all. The ratio of the number of secondary to primary 
turns is no indication of the voltage step-up under such conditions — in 
fact, in an air-core r-f transformer having say 60 secondary turns and 
15 primary turns (4 to 1 turns rdtio), an actual voltage step-up of only 
1.2 or 1.4 might be actually obtained, due to the loose coupling necessary 
for selectivity. Also a consideration of the theory of the vacuum tube as 
an amplifier, as presented in Article 336, shows that the amplification or 

R,. 

gain produced by the tube is equal to G=nX where Rp is the 

Ro-j-Rp 

plate resistance of the tube and R„ is the plate load resistance. There- 
fore in order to secure a large proportion of the possible amplification 
factor of the tube, it is desirable and necessary that the load resistance 
(which is the primary of the coupling transformer in this case) be as 
large as possible. Thus, if the load resistance is 3 times the plate resis- 
tance of the tube, 75 per cent of the mu of the tube is obtained, etc. A 
glance at the table of Fig. 214 will show that the plate resistance of most 
amplifier tubes is high, especially that of screen-grid tubes which it is 
desirable to ulse, so that the primary of the coupling transformer should 
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have a high impedance (large number of turns) in order to secure high 
gain, from the tube. It is evident that the final design is always a com- 
promise between the various factors encountered. In practice the ten- 
dency has been to use primaries of 40 or more turns of wire when screen 
grid r-f tubes are used, in order to obtain sufficiently high plate circuit 
load for high amplification. 

Th^ coupling between the primary and secondary depends on the 
degree of .selectivity required, the number of tuned stages used, etc. The 




PIff. 289 — Effect, on the induced secondary voltage and current, of variation of the magnetic 
coupling between the primary and secondary windings of an interstage r-f coupling 
transformer. 

value of coupling used, and the exact mechanical arrangement and rela- 
tion of the primary to the secondary coil is always determined finally by 
actual trial and experiment for any given receiver design. Two designs 
of r-f transformers actually used in high-gain screen-grid r-f amplifiers 
are shown at (B) of Fig. 290. The one at the right, with the prongs, 
has the primary consisting of about 40 turns of silk covered nichrome wire 
wound directly over the grid return end of the secondary with a strip of 
celluloid insulation between them. The secondary is underneath. This 
arrangement provides rather tight coupling and the selectivity may not be 
great enough for some reception conditions. The coil design at the left 
is more desirable in many cases. It has a high inductance primary of 
many turns of fine wire, wound in a slotted form placed inside of the grid 
return end of the secondary, but about >4 inch away from it. This pro- 
vides the high plate load impedance necessary for high amplification with 
the screen-grid r-f amplifier tube used, at the same time providing loose 
enough magnetic coupling for good selectivity. A small capacity-coupling 
coil C, one end of which is connected to the primary and the other end of 
which is open, provides a small capacity-coupling for making the transfer 
of energy more uniform over the broadcast frequencies. In the case of 
the band-pass coils such as are used in the intermediate amplifiers of 
superheterodynes, since the primaries and secondaries are usually similar, 
the primary coil design is automatically fixed by the frequency of the i-f 
amplifier and the small tuning condenser employed. The amount of mag- 
netic coupling between them is determined by the width of the frequency 
band to be passed. 

404. Effect of varying the coupling: An interesting study of the 
effect on the induced voltage and current, of variation of magnetic coup- 
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ling between the primary and secondary windings of an r-f interstage 
transformer is shown in Fig. 289: 

Let coils Lg and L4 be so arranged that loose coupling exists between them, that 
is, Lg is separated from L4 so that only a small number of its lines of force link with 
L4. If the tuning condenser is varied from zero to maximum capacity, we find that 
the induced voltage and current in the tuned circuit varies as shown by curve A, at the 
left of Fig. 290 , having a maximum value at the resonant point. This curve has a 
sharp peak if the coupling is sufficiently loose, and the tuned circuit is therefore 
selective; in fact, it may be too selective. 

If the coils are moved closer together to tighten the coupling, we might expect 
that as the field of coil Lg linking with coil L4 is stronger, the voltage and current in 
coil L4 will be greater. This may be the case, but it is not necessarily so, especially 
if the coupling is greater than a certain “critical” value. The current induced in 
sets up its own magnetic field which tends to oppose any change in the inducing 
field of Lg (Lenz’s Law, see Art. 104 ), and this effect will be stronger the greater the 
current flowing in L4. As the natural frequency of the L^ tuned circuit is increased 
from minimum to maximum by the variable condenser, we find that as we approach 
the resonance frequency the current in L4 gradually rises. As the current becomes 
stronger, the opposing field also increases correspondingly, reducing the effective or 
inducing field. As a matter of fact, a condition of sufficiently tight coupling will be 
reached where the current in L4 will cease to increase, or actually decrease at the 
previous resonance point. The closer the two coils are placed together, the more 
marked will this effect be, as shown by curves B, C, and D, which represent successive 
degrees of tighter coupling. The double-humped curve D represents an extreme con- 



Fi». 290— Left: Effect of tlshtness of coupling, on the tuning curves of the secondary. 

Right: Typical r-f tuning colls used In screen-grid receivers. The one at the left 
has a high-impedance loosely-coupled primary P. a secondary .S, and a capacity 
winding C That at the right, has a tightly-coupled primary. Both are only. 1-inch 
m diameter 


dition where there are two resonance points, that is, the same station is heard at two 
separated points on the dial. This of course is due to too tight coupling between the 
primary and secondary coils. 

The question now arises as to just wha*; proper value of coupling is necessary for 
best results. Let us consider Lg and L4 situated ten feet apart. Then since there is 
practically no linking of the magnetic field of Lg with L4, the coils have no effect on 
each other. If we now bring them together slowly we shall come to a point where the 
field of the primary links with the secondary, inducing a weak current Hn it. As the 
coils are brought closer together more and more of the magnetic field of links with 
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L 4 , resulting in n gradual increase of induced voltage and current in the secondary. 
Finally, as the coils are brought still closer, the current in the secondary reaches such 
a value that it reacts seriously upon the primary, as we have described, causing the 
effective field to be reduced and the current weakened. The point where the second- 
ary current no longer continues to increase as the coupling is tightened is called the 
point of “critical coupling”. This is shown graphically at (B) of Fig. 289, where it 
is seen that as the coupling is increased from zero, the voltage and current in L 4 passes 
through a maximum value, and then decreases. 

Therefore, for best results the coupling should be adjusted as near to 
the critical value as possible. Looser coupling than this results in poor 
transfer of energy, closer coupling results in poor selectivity, and also 
results in the secondary condenser tending to tune the primary coil 
through the agency of the reversed magnetic field. This tuning of the 
primary may result in oscillation tendencies due to the plate-grid capaci- 
tance of the tube. Notice, that the selectivity obtained is governed by 
something else besides the resistance of the tuned circuit, namely, the 
tightness of coupling between the primary and secondary. The 'calcula- 
tion of the mutual inductance and coupling coefficient between coils was 
discussed in Articles 120 to 122. 

405. Constant r>f coupling: A study of the coupling existing 
between the primary and secondary windings of an r-f transformer 
having a fixed primary, reveals the fact that for equal input, the voltage 
induced in the secondary is not constant over the broadcast frequency 
band. The induced r-f voltages in the secondary turns are proportional 
not only to the strength of the primary field, but also to the rapidity with 
which that field alternates. Thus at the higher frequencies, the r-f 
alternations are much faster than at the lower frequencies, and the in- 
duced r-f voltages will therefore be much greater when receiving stations 
around 200 meters than is the case when receiving stations around 500 
meters. If such a circuit is made non-oscillating at 200 meters it has 
little sensitivity at 500 meters. If it is made sensitive at 500 meters by 
working near the oscillation point, it usually oscillates violently at lower 
wavelengths. 

Several schemes have been developed to remedy this defect. In one, the Lord 
system, the primary coil is moved away from the secondary as the condenser is tuned 
to the hig^her frequencies. This is accomplished by a cam on the condenser shaft 
which acts on a follower attached to the primary coil. It is easily seen that the 
primary field, being removed from the secondary field at the higher frequencies, cuts a 
smaller number of secondary turns and thus induces less voltage. 

In another, the King system, the primary is mounted on the condenser tuning 
shaft by an adjustable bracket and in such relation to the secondary coil that as the 
condenser is tuned to the low wavelengths the primary is rotated more and more at an 
angle with the secondary, thus loosening the coupling. In both these systems the plate 
load impedance remains substantially the same. 

An arrangement credited to K. Hassel and used in Zenith receivers at one time, 
consists of taking a portion of the primary coil and mounting it on the condenser 
shaft so that it rotates inside of the secondary coil, in such a manner that the rotating 
portion of the primary coil opposes the coupling from the fixed portion at the low 
waves and adds to the coupling at the high waves. In this way the primary-second- 
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ary coupling is varied with change of wavelength and the impedance value of the 
load connected in the plate circuit of the tube is varied to keep it just below the critical 
value. 

None of these systems are really simple enough for practical use in 
modern receivers where all of the tuned circuits must be operated by a 
single control. An electrical circuit method of automatically securing 
equal voltage transfer at all frequencies in the broadcast band is necessary. 
A .system of this type developed by Messrs. Loftin and White, is based on 
the fact that the reactance of a condenser increases as the frequency de- 



Fiif 2^nA---(n Loftin- White con'^tant oouplmK rirouit, (2) obtaining constant coupling by 
(.apacitj winfling C. (3> obtaining uniform amplification by resonated primary 
winflmg (41 primary and secondary coll connections 

t 

creases, and that the impedance of an inductance decreases as the fre- 
quency decreases (exactly the reverse). 

The circuit of this system, one sta^e of which is shown at (1) in Fig. 290A, 
has its inductances and capacities so connected that there is both inductive and cap- 
acitive coupling. The values of the inductances and capacities are so adjusted that as 
the reactance of say the inductance starts to drop off, the reactance of the condenser 
increases, and vice versa, so that actuallv the coupling resistance remains almost con- 
stant for all frequencies within a reasonably wide band. Consequently, after the asso- 
ciated circuits have once been adju*=tcd to prevent oscillation, there is no change in 
either the amount of selectivity, sensitivity or regeneration, at any frequency. By 
proper adjustment the set may also be made to oscillate at either the high or the 
low wavelengths. 

In Fig. 290A it can be seen that inductive coupling is obtained through coils 
Ln and L^, while capacitive coupling is furnished by the condensers C and C,. Coil 
is an r-f choke which prevents the leakage of any r-f currents into the "B'* 
supply circuit, and makes them all go through L.^, through Cj to the cathode, while 
C is a» phase-shifting condenser which is employed for the purpose of shifting the 
phase of the r-f plate current. 

Mutual inductance is less effective for transferring energy at the higher wave- 
lengths than at the shorter ones. Mutual capacity behaves in aji opposite manner. 
Suppose that the set is tuned to a low wavelength and all constants are adjusted to 
keep the receiver at maximum efficiency. Now suppose it is tuned to a higher wave- 
length. The energy transfer from L.^ to L 3 by inductive coupling decreases. Also 
as the tuning condenser Co is increased n capacity for tuning to the longer wave- 
length, its reactance decreases, and the voltage drop across it decreases. Therefore, 
there is more voltage across Cj proportionately, and hence more current is fed to the 
tuned circuit by the capacitive coupling, offsetting the effect of the decreased energy 
transfer by magnetic induction. 
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One of the objections to this circuit is that it is rather difficult to adjust all of 
theJie parts when the receiver is built. It is not very well suited to quantity production 
methods of manufacture. 

In r-f coils employing high-inductance primaries, the primary induc- 
tance is usually great enough so that in combination with all stray capa- 
cities across it, it tunes to some frequency below the broadcast band (a 
wavelength above 550 meters). This gives rise to the peculiar effect 
of the gain being good at around 550 kc, but poor around 1,500 kc. The 
falling off at the high frequencies can be partly compensated for by 
placing the primary (which is really a small choke coil in this case), at the 
grid end of the secondary and thereby introducing capacity coupling due 
to the difference of potential between the primary and the grid end of the 
secondary. This capacity coupling is of course more effective at the 
high frequencies, and by careful designing, a transformer may be obtained 
producing almost even amplification over the broadcast band. Another 
way of accomplishing this is to wind one or two turns of wire over the 
grid end of the primary. One end is left disconnected and the other end is 
connected to the primary. These few turns of wire then act as a small 
condenser between the primary and secondary, and by shifting them 
slightly along the coil, the value of this coupling capacity may be varied 
until best operation is obtained. This open-end “capacity winding” is 
marked C in the coil at (B) of Fig. 290. It is also shown at (2) of Fig. 
290A. 

A simple circuit scheme for obtaining uniform r-f amplification, and 
which has been used in many receivers employing screen-grid r-f tubes 
is shown at (3) of Fig. 290A. Here the primary Lj and secondary Ls 
form an ordinary r-f transformer. Li is a separate high-inductance coil 
wound to fit inside of the secondary at the grid end. A condenser C con- 
nected across it, tunes it rather broadly to resonance at whatever small 
band of frequencies it is designed to raise the sensitivity. Since this is 
a parallel tuned circuit, it acts as a high impedance load in the plate circuit 
at these frequencies, and so results in greater effective amplification by 
the tube at that particular band of frequencies. In this way, the sensiti- 
vity of the receiver may be increa.sed at any frequencies desired. 

Confusion often arises when connecting the primary and secondary 
windings of an r-f transformer to the two tubes between which it oper- 
ates. There are two possible directions in which each winding may be 
connected. One arrangement is called “normal phase” and the other is 
called “reversed phase”. Let us first assume that the primary and sec- 
ondary coils are wound in the same direction of rotation as shown at (4) 
of Fig. 290A. This is generally the case; for the same winding machine 
winds both the primary and the secondary. In this case the plate of the 
preceeding tube is always connected to the end of the primary which cor- 
responds to the cathode end of the secondary, when a normal phase con- 
nection is desired; the reverse is true when reverse phase is desired 
Both of these connections are shown at (4). 
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With the_ normal phase connection, if the grid of the preceeding tube is nwdc 
say, more positive, an increase in plate current results. This increased plate current 
flowing through the primary winding induces a voltage in the secondary in such a 
direction as to tend U) oppose this increase, (Lenz*s law). This will make the grid of 
this tube more positive also, i.e., the signal impulses in the grids of the two tubes are 
in phase. With the reversed phase connection, the sigmil impulse on the grids of the 
two tubes IS 180 degrees out of phase. When the coil is used with an oscillator tube, 
the plate and B4-, ends of the primary go to the same tube. If the two windings are 
in opposite directions, the same rule applies, only the terminal connections of either 
one of the windings must be reversed. The calculation of mutual inductance and 
coupling coefficient between coils was discussed in Articles 120 to 122. 

406. Losses in tuning coils: Although extreme selectivity in the 
r-£ amplifier is undesirable from the point of view of sideband frequency 
suppression, unless some compensation of the audio high note response 
is purposely introduced into the audio amplifier or loud speaker, it is usu- 
ally advantageous to keep the resistance of the tuned circuits as low as 
possible consistent with sensible, practical design, in order to obtain maxi- 
mum voltage gain in the tuned circuits, and secure the proper amount of 
selectivity by proper coupling of the primary and secondary coils. Com- 
mon sense should rule all attempts to reduce the resistance. It is not 
necessary to resort to the use of gold or silver wire because of their better 
conductivity, or to wind the wire to be self supporting so as to eliminate 
the supporting form or tubing, nor is it necessary to hang the coils up by 
threads in order to eliminate metal supports. Such drastic practices cost 
more than the results they accomplish are worth. It has been found by 
many tests that the most efficient form of r-f tuning coil is one wound in 
loose basket-weave, or simple solenoid form, somewhat like the coils 
. shown in Fig. 290, having a ratio of diameter to length of approximately 
2.5, and wound with No. 20 to 26 wire. This proportion may be departed 
from over quite a wide range without seriously affecting the efficiency of 
the coil. Actually, in the coils used in radio work this ratio may be as 
low as 0.75 and still the coils perform well. Due to the necessity for com- 
pact construction, American designers have reverted to the use of small 
tuning coils around one inch in diameter, wound with enamel-covered 
wire. 

In order to get the 100 or more turns of wire necessary for these coils 
when they are used with the standard .00035 mfd. tuning condensers on 
the broadcast band, and still keep the length of the coil small, wire of about 
No. 30 B. and S. gauge is used. The efficiency of coils of this construction 
does not depart greatly from that of the more efficient coils which might 
be built with larger wire, of larger diameter, etc., especially when we con- 
sider that the coils in modern compact receivers must be mounted close 
together, and must tnerefore be enclosed by metal shielding to prevent 
interaction of the magnetic fields. 

The losses in a coil in which high-frequency currents flow are much 
greater than the simple "ohmic resistance” of the wire measured for direct 
current conditions. All of the losses in a tuning coil at radio frequencies 
are usually summed up and expressed as a single loss called the <i-c resisf- 
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ance of the coil. This is usually considered at the particular frequency at 
which the coil is being employed. While this is not technically correct, it 
has become the accepted practice, since the final. effect of these losses is to 
reduce the current in the tuned circuit, just exactly as if the tuned circuit 
itself had no resistance and we inserted a resistor equal in value to this 
so-called “a-c resistance” into it. 

One source of loss, known as the skin effect, is due to the fact that at 
the high frequencies the currents travel only over the surface or “skin” of 
the wire, thus making only a small proportion of the total cross-sectional 
area of the wire effective in carrying the current, thus increasing the re- 
sistance to the flow of the current. 

When d-c flows through a wire, the electron flow is uniformly distributed 
throughout the entire cross-section of the wire, that is, there is as much current flow- 
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Fig. 291 — Skin effect at high frequencies Due to the high self-induced counter e.m.f. de- 
veloped in the center part of the conductor, the current flows only through a thin 
outside shell of the conductor at these very high frequencies 

ing through a given area at the center as through an equal area near the outside 
gtMace, as shown at (A) of Fig. 291. When high-frequency a-c flows through a 
wire, the rapidly alternating circular magnetic field (magnetic whirls), produced 
around the wire (see Fig. 53), expands and collapses as the current rises and falls. 
This induces a counter-e. m. f. in the wire itself which tends to oppose the flow of 
current through it (Lenz’s law). Since the field is varying most rapidly at the 
instants when the current goes through its zero values, during each half cycle (see 
Article 160), the induced counter-e. m. f. is greatest at these instants. But at these 
instants the magnetic whirls have either just collapsed to the center axis of the wire 
or are just about to spread out from there. Therefore the region of greatest 
counter-e. m. f. due to the field lies at the center axis and the current flow is opposed 
more there than at the outside regions. As the frequency is increased, the field varies 
rapidly even at other parts of the cycle, so the counter-e. m. f. becomes appreciable 
at these other times also. The result is, that at high frequencies a large proportion 
of the current flowing through the wire flows through the part nearest the outside 
surface, i.e., along a “surface shell” of the wire, as shown at (B) and (C). Therefore 
the conductor offers just as much resistance as it would if it had less cross-section area, 
i.e., the resistance is increased because the current or electron flow is crowded into a 
smaller cross-section area. The higher the frequency, the greater is the “skin effect”. 
At very high irequencies, for a given weight of conductor we actually obtain better 
conductivity with a hollow tube having thin walls than from a solid wire, because 
the center of the wire only adds to the weight and cost of the conductor without serving 
any purpose in carrying current. If it is left out, it is not counted as part of the 
cross-section area and so the resistance is lower. The added resistance due to the 
skin effect is greater in larger wires than in small ones because in the larger wires 
less of the total bulk is represented by the skin or surface, so a smaller proportion 
of the whole bulk of the wire is being used to carry the current. A special wire 
called “litzendraht” has a very low skin-effect, due to the fact that it is made of 25 
or more strand^ of fine wire each insulated individually from the others by enamel or 
cotton insulation. This is more expensive than ordinary magnet wire. 
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At broadcast frequencies (600 to 1,500 kc) the skin effect is not 
largre enough to warrant the use of any special forms of wire for ordinary 
purposes. In short wave work (high frequencies) “Litz” wire is often 
used for receiver tuning coils. Transmitter tuning coils are usually made 
of copper tubing as at (D) or of thin flat-copper strip as at (E), to obtain 
a large surface area. 

Another loss which exists in coils used in high-frequency circuits, is 
that due to eddy currents set up in the wires of the coil by the varying 
magnetic field. This increases as the diameter of the wire used is in- 
creased. The total resistance of r-f coils increases greatly as the fre- 
quency is increased. The amount of resistance increase depends on the 
shape of coil and size of wire. For instance, a single-layer solenoid coil 
of 300 microhenries inductance, consisting of about 58 turns of No. 28 
D. C. C. (double cotton covered) wire wound on a 3-inch diameter tube, 
was measured and found to have a resistance of 3.15 ohms on direct cur- 
rent, 6 ohms at 500 kilocycles (600 meters), 10 ohms at 1,000 kilocycles 
(300 meters) and 14 ohms at 1,500 kilocycles (200 meters). When a coil 
is surrounded by metal shielding a loss also occurs due to the eddy cur- 
xents set up in the shielding by the magnetic field of the coil. This will be 
studied in detail in Articles 412 and 413. 

407. Distributed capacity: Another tuning coil characteristic 
which is usually undesirable, is known as distributed capacity. In a coil 
which Jias a potential difference existing between its terminals, a propor- 
tionate potential difference exists between every two adjacent turns of 
wire on the coil. Since the various turns of wire are conducting surfaces 
separated by the insulation on the wire, they form tiny condensers dis- 
tributed along the turns of wire. As the adjacent turns are at different 
electrical potentials, small alternating currents flow back and forth in the 
tiny circuits formed by these distributed condensers at high frequencies. 
By imagining all the little distributed capacities of these condensers 
lumped together to form a single condenser Cp, the coil may be considered 
as a pure inductance with a condenser Cp in parallel. At low 
frequencies, the condenser effect is negligible and all the current flows 
through the wire. However, if the frequency is progressively increased, 
the reactance of the inductive part of the coil increases and that of the dis- 
tributed capacity decreases, until a point is reached where practically all 
of the current passes through the distributed capacity, and the coil behaves 
like a condenser instead of an inductance. The working frequency-range 
of a tuning coil must be necessarily small if it is to have constant induc- 
tance. Since there ar -* losses in these small condensers due to the imper- 
fect insulation properties of the solid insulating material between the 
turns, and due to the dielectric hysteresis and absorption (see Articles 
130 and 131), the apparent resistance of the coil is increased by their 
presence. 

It is for this reason that tuning coils should not be coated with shellac 
and other “dope” preparations which increase the distributed capacity 
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effect and also the losses. Distributed capacity in a tuning coil is also a 
disadvantage, since it lowers the frequency range over which a coil can be 
tuned by an external condenser ; for even when the external condenser is at 
its minimum value, the full distributed capacity is shunting the coil. If 
high inductance values, necessitating the use of a large number of turns of 
wire wound in several layers are necessary, the windings should be bank- 
wound as at f and g of Fig. 292, to reduce the distributed capacity. 

Just as the capacity of a condenser may be decreased by decreasing 
the area of the plates or increasing the distance between them, the dis- 
tributed capacity of a coil can be reduced by using's smaller wire or by 



Pig. 292 — Various shapes of coils and forms of windings which have been employed for r-f 
colls Those at (C), (G), and <M), are most popular now. 

leaving a space between the adjacent turns of a coil. The size of the wire 
cannot be decreased too much, for the resistance will then increase, and 
the distance between turns cannot be made too large, for the inductance 
will then be decreased, necessitating more turns for a given value with 
consequent increased resistance and added capacity. On a solenoid, cotton 
covered wire of about No. 24 B. & S. gauge wound tightly, already has 
enough spacing between the metal of the conductors due to the double 
thickness of the insulation so that the turns may be wound close together. 
When enameled wire is used, a spacing equal to half the diameter of the 
wire may be employed to reduce the distributed capacity. The wire is 
usually wound in a spiral groove, machine-cut lightly into the coil form. 
This gives accurate spacing. It is obvious that the distributed capacity 
increases with the diameter of the coil, since this increases the effective 
surface area. This is another advantage in using small tuning coils. 

408. Coil shapes and types of windings: Many shapes of coils 
and types of windings have been developed and used, but the fact remains 


DESIGN OF R. F. AMPLIFIERS AND TUNING COILS 603 


that for a given inductance value, the simple solenoid at (m), or the loose 
basket-weave coil at (a), have the lowest resistance of all of them when 
the diameter of the wiqding is approximately 2.5 times the length of the 
winding. This proportion may be departed from over quite a long range 
without seriously affecting the efficiency of the coil. Actually, in coils used 
in most radio work this ratio may be as low as 0.75 and still the coils per- 
form well. However, each of the other forms of coils shown, have some 
particular advantageous feature which maynnake it particularly desirable 
for some special application. For coils having large inductance, the hon- 
eycomb or “universal” type winding is preferable on account of its com- 
pact form and low distributed capacitance. A discussion of various coil 
windings which have been developed follows. The various windings are 
shown in Fig. 292. 

Lorenz developed a coil having a low distributed capacity. By winding the wire 
on a series of pegs arranged in a circle, he was able to zigzag it as shown at (a). No 
two turns are parallel to each other at close proximity for any distance, so the dis- 
tributed capacity is lower than in the simple solenoid winding at (m). The pegs 
are removed after winding. Another way of reducing capacity is by winding the coils 
on flat strips mounted radially like the spokes of a wheel as at (b), and zigzagging 
the wire. This is known as the spiderweb coiL 

The honeycomb coil at (c) is wound with a number of layers, the turns of each 
adjacent layer crossing each other almost at right angles. It is used where large 
values of inductance are required. It is usually mounted on a base having two 
contact pins for plugging into a receptacle. This construction reduces the distributed 
capacity. This is probably the most popular type of coil for long-wave reception, 
and for the intermediate-frequency amplifiers of superheterodynes. The so-called 
“univers|ir’ winding often used, is somewhat similar to this honeycomb type. These 
coils are made in various standard sizes, with inductance values, distributed capacity, 
etc., as given in the accompanying table. 

DATA ON HONEYCOMB COILS 


No. OF 
Turns 

Inductance 
AT 800 Cycles, 
IN Milli- 
henries 

Natural 

Wave- 

length 

Meters 

Distri- 
buted 
Capacity 
IN Mmfd. 

Wavelength Range, Meters 

0.0005-Mfix 

Condenser 

O.OOI-Mfd. 

Condenser 

25 

.039 

65 

30 

120 to 245 

120 to 355 

35 

.0717 

92 

33 

160 to 335 

160 to 480 

50 

.149 

128 

31 

220 to 485 

220 to 690 

75 

.325 

172 

26 

340 to 715 

340 to 1020 

100 

.555 

218 

24 

430 to 930 

430 to 1330 

150 

1.30 

282 

17 

680 to 1410 

680 to 2060 

200 

2.31 

358 


900 to 1880 

900 to 2700 

249 

3.67 

442 

15 

1100 to 2370 

1000 to 3410. 

300 

5.35 

535 

17 

1400 to 2870 

1400 to 4120 

400 

9«62 

656 

13 

1800 to 3830 

1800 to 5500 

500 

15.5 

836 

13 

2300 to 4870 

2300 to 7000 

600 

21.6 

1045 

14 

2800 to 5700 

2800 to 8200 

750 

34.2 

1300 

14 

3500 to 7200 

3500 to 10400 

1000 

61 

1700 

13 

4700 to 9600 

4700 to 13800 

1250 

102.5 

2010 

11 

6000 to 12500 

6000 to 18000 

1500 

155 

2710 

13 

7500 to 15400 

7500 to 22100 


The manufacturer's type numbers of commercial coils of this kind 
usually gfive a key to the number of turns they contain. Thus a DL25 coil 
has 26 turnSv a DLIOO coil has 100 turns, etc. 
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The illustration at (d) shows a D or **li£^ure 8’* coil, so called because each of its two 
halves form the letter D, and the whole coil forms a figure 8. It is wound by slotting 
a tube, or may consist of two separate interconnected coils as shown at the right. The 
magnetic fields of the two coils aid each other inside the tube and oppose each other 
outside so that a very small external magnetic field is produced. This reduces stray 
magnetic coupling with other coils in the receiver. 

A binocular coil is shown at (e). This consists of two separate coils connected 
in series, and having magnetic fields as shown. This also has a very restricted exter- 
nal magnetic field, is easier to construct and is more efficient than the D coil. 

A two-layer bank-wound coil as shown at (fh and (g) shows one of 4-layers. 
This type of winding is also used where a large inductance is required in compact 
form with low distributed capacity. The reason for banking the turns of a multi* 
layer coil lies in the fact that the capacitance between layers of the ordinary multi- 
layered solenoid is excessive. This capacitance gives the coil a tendency to oscillate 
at some particular frequency and moreover increases the dielectric losses. In banked 
coils instead of winding on one complete layer followed by successive similar layer^, 
one turn is wound successively in each of the layers. The voltage between adjacent 
wires is thus reduced, and accordingly the distributed capacitance is reduced. This 
decreases the currents flowing in the tiny distributed capacity circuits. Compare the 
banked windings at (f) and (g) with the ordinary 2-layer winding at (h). For 
banked windings not too great in depth as compared to diameter, a close approximation 
for the inductance is obtained by using Nxn for the turns per inch in the solenoid 
inductance formula, (where NizzNo. of banks). The formula then becomes L=z:.0261 
d2 N2 n2 IK. 

A torroidal coil is shown at (k). This has the advantage of having practically 
no external field, but the resistance of this form of coil for a given inductance value 
is so high compared to that of the other forms that it is rarely employed in radio 
equipment. 

While these and many other forms of coils Jiave been developed for 
special purposes, the fact remains that for a given amount of inductance 
(within the broadcast frequency range) the most efficient coil is one of 
simple solenoid form as shown at (m), having a ratio of diameter to 
length of about 2.5. This ratio can be reduced to about 1 or even 0.76, 
without seriously affecting the efficiency. On broadcast frequencies it 
makes little difference whether the coil is self-supporting or whether it is 
wound on a thin insulating form. The latter is preferable for its mech- 
anical rigidity. It is not necessary to use wire larger than about 24 B. & 
S. gauge. No. 26 or 28 can be used satisfactorily. (See Technologic 
Paper No. 298 of Bureau of Standards.) Now it is evident that for 
practical reasons, coils must be made of a definite size and of proper rigid- 
ity. Since the position of nearby metallic objects causes losses due to 
absorption of energy due to the setting up of eddy currents ; and interstage 
coupling is undesirable, the tuning coils used in modern radio receivers 
are much smaller in physical size than were those used several years ago, 
because our receivers are made much more compactly now than they were 
then (see Fig. 286). The illustration in Fig. 293 show this interesting 
historical development and constant reduction in dimensions of tuning 
coils. At the left, is a large 4(4 inch diameter coil popular in the neutro- 
dyne receivers used as late as 1929. A smaller 2(4" coil popular at about 
the same time is next. Following this is a 2-inch diameter coil, popular 
in 1929 and 1930. The small one inch coil at the right is typical of the 
type used extensively now, on account of its small size and limited exter- 
nal magnetio held. This illustration shows the exact comparative sizes. 
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since all of the coils were photographed together. The inch-scale along- 
side of the 3-inch coil shows the comparative sizes. Precision coil-wind- 
ing machinery has been developed to wind r-f coils so they are produced 
by the thousands, with electrical constants suitably uniform. Enamel 
covered copper wire is used extensively on account of its obvious advan- 
tages of being handled without damaging by finger marks, and being 
unaffected by atmospheric moisture. 

409. Interstage coil coupling: In Article 308 we found that any 
voltage induced in the grid circuit by means of energy fed back from the 



iriir illustration *nows how the dimensions of tuning coils have been 

293 -This ^ diameter coil popular in 1928. 

At the righ*t js a 1-inch diameter coil popular for use in modern receivers. 

plate circuit of an r-f amplifier tube, would cause oscillation if it were of 
sufficient magnitude and proper pha<e relation. We found that the grid- 
plate capacitance of the tube was a prolific source of such feedback, and 
that special means for reducing or neutralizing this feedback were neces- 
sary if 3 -electrode tubes .were used as r-f amplifiers, on account of the 
comparatively large plate-grid capacitance of these tubes. The use o 
screen-grid type tubes removes the necessity for using these neutraliza- 
tion and losser schemes, since the feedback due to the p-g capacitance is 
very low because of the low value of this capacitance in tubes of this kind. 
However, feedback via the p-g capacity is not the only way m which it.can 
take place. Energy can be fed back from the plate circuit to the grid 
circuit of any amplihef stage through magnetic coupling which inay exist 
due to large strav magnetic fields, or close placement of the tuning coils. 
Energy may even be fed back from an r-f stage to a circuit one or two 
stages ahead of it in the receiver, through magnetic or capacative coup- 
ling. This fact is often overlooked by amateur set builders, with the re- 
sult that despite elaborate precautions to eliminate oscillation, by using 
screen-grid r-f amplifier tubes, etc., persistent oscillations rpsult due to 
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magnetic feedback between the tuning coils, or coupling in the B power 
supply, etc. If the fed-back energy is in phase with the incoming signal 
voltages in the grid circuit of that tube, increased response will result due 
to the additional amplification produced, but if it is large enough, as it usu- 
ally is, it will cause the tube to generate oscillations, acting as an r-f 
oscillator. Whistling due to beat notes will be heard when a station is 
tuned in, or when the tuned stages are not set exactly at the frequency of 
the incoming signal. If the induced voltages due to feedback are out of 



Fig 294 — The proportions of a solenoid coil greatly affect the external magnetic fleld. Tha 
shun, large-diameter coil of (A) has a widespread field, that at (B) has a more 
conhned held, and the long thin coil at (C) has a limited external field, making it 
desirable for use in compactly built receivers. 

phase with the incoming signal voltages, opposition or “degeneration” 
will result, and the response of the set will be decreased. As r-f ampli- 
fiers of higher and higher amplification per stage are built, any stray mag- 
netic or capacitive couplings which may exist between certain p^rts or 
circuits become increasingly important, because the fed-back energy is 
amplified more by the tube, and there is greater tendency to cause the r-f 
tubes to go into the state of oscillation. 

It is not necessary to eliminate every trace of feedback or coupling, 
for a small amount is desirable and is often purposely introduced by re- 
ceiver designers because it increases the sensitivity of the receiver due to 
the additional amplification produced. It is when the feedback reaches a 
value sufficiently great to cause oscillation or cause the set to operate on 
the verge of oscillation, that it is objectionable. The stray couplings may 
be one or more of three types, magnetic, capacity, or resistance coupling. 
The latter is the most prevalent in B — power supply units and in grid-bias 
resistors connected in the common cathode return circuit for supplying 
grid bias for several r-f tubes. The remedy for each of these, is to use 
by-pass condensers of sufficiently large capacitance across the resistors 
in which coupling occurs, as explained in Article 377. Inductive coupling 
between wires and between coils was discussed in Articles 121 to 125. 
Objectionable capacitive and inductive coupling between circuits is best 
reduced by laying out the wiring of the receiver so that all grid and plate 
connecting wires are as .short and as far apart as possible, preferably 
with air (dielectric constant— 1) between them. If they must be run close 
due to the particular design of the receiver, they should cross at right 
angles if possible. Coupling between the successive tuning coils may take 
place through the medium of their magnetic fields. This is by far the 
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most prevalent form of coupling, but fortunately it can be almost entirely 
eliminated by proper design. The first precaution to eliminate magnetic 
coil coupling is to use coils having limited external magnetic fields. The 
torroid, D coil, binocular coil, etc., possess this characteristic, but these 
coils all have a much greater r-f resistance for a given inductance than 
the simple solenoid coil, so they are not used extensively. Satisfactory 
characteristics may be obtained by proper use of the more efficient sole- 
noid form of coil. 

410. R-F coil proportions: The shape of the magnetic field 
around a solenoid coil changes as the proportions of the coil are changed, 
as shown in Fig. 294. The field around a short coil of large diameter, is 
shown at (A). The field is nearly circular in shape, and extends out a 
large distance on all sides of the coil, obviously very good for interstage 
feedback coupling. A coil slightly longer than it is wide is shown at (B). 
The field is slightly elliptical in shape and does not extend out as far from 
the sides of the coil as the other. A long coil of small diameter is shown 
at (C). The field is very elliptical and does not extend far out from the 
coil. This is obviously the type of coil most suitable for use in compactly 
built radio receivers. Many of the commercial sets employ coils of this 
type having a diameter of about 1 inch and length of about 2 inches as 
shown in Fig. 290. They are wound with about No. 30 enameled wire, 
space-wound in a shallow spiral groove machine-cut in the coil form. 

4fl. Placennent of r-f coils: Even though r-f coils with limited 
external magnetic fields are employed, they must be mounted so close to- 
gether in modern receivers of compact construction, that magnetic coup- 
ling between them must be eliminated either by mounting them in angular 
relation with each other in “no-coupling” positions, or else shielding them 
in metallic shields. 

If the coils are all mounted with their axis lying in the same straight 
line, and turned so every coil is at right angles to every other coil, no 
magnetic coupling will exist between them. Fig. 295 shows this relation 
for three coils. Consider the magnetic field of coil B having a direction as 

shown by the arrows, at some par- 
ticular instant. It links with coils 
A and C. Any line of force ap- 
proaching the coil A from the 
right, cuts the wire twice and sets 
up a voltage in each half of every 
turn. These voltages are in op- 
posite directions as shown by the 
arrows, and since they are equal, 
they neutralize each other. Hence 
there is no coupling to A. Simi- 
lar reasoning holds for coil C, 
where the opposing directions of the induced voltages are shown. This 



Fig. 295— Right angle coll Placement to pre- 
vent magnetic coupling 
coils. Axes of all coils lie along 
the same line. 
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right-angled placement of coils is simple and effective and has been used 
extensively in tuned r-f sets. 

Another method is to place the coils parallel to each other but at 
such distances apart that the lines of force of each coil cut through the 
other coils at right angles to the axis, thus producing equal and opposite 
voltages in both halves of each turn, which neutralize each other. This is 
shown in Fig. 296. If the coils are mounted on a panel, in the manner 
shown at (A) to save space, it is found that the coils make angles A with 



the base of the panel. If this panel is shown in a horizontal position as at 
(B) you will probably recognize the familiar neutrodyne arrangement 
used extensively several years ago. 

Obviously the angle A at which the coils must be placed, and the dis- 
tance D between them, are not constant factors for all receiver designs 
but vary with the physical proportions of the coils used, since the shape 
of the magnetic fields also vary with these. Consequently, although 54.7 
degrees was recommended for the no-coupling angle A in the old neutro- 
dyne sets, it does not follow that this angle is correct when coils of differ- 
ent size are used. The angle must be determined for the particular coils 
used. This makes the right-angle placement, discussed previously, more 
practical for ordinary use unless metal coil shielding is to be employed. 

412. Shielding in r-f amplifiers: The coil arrangements just dis- 
cussed, will eliminate magnetic coupling between various coils in an r. f. 
amplifier but they do not eliminate the capacity coupling which will exist 
between the windings on one coil and those on adjacent coils. The wind- 
ings really act like the plates of condensers with the air space between the 
coils as the dielectric. When the coils must be mounted closely together, 
this capacity coupling will be very great. Both the interstage magnetic 
coupling and capacity coupling may be reduced greatly by enclosing the 
coils, or the entire separate r-f stages, in metal shields made usually of 
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aluminum or copper and connected to B — and ground. The energy of any 
stray magnetic fields, is dissipated in the shieJd metal in the form of heat, 
due to the fact that the rapidly alternating fields set up “eddy currents'* 
in it (see (F) of Fig. 79). However, shielding introduces resistance into 
the tuned circuits due to the losses, unless great care is taken in allowing 
proper clearance between the coils and the shields. 

A grounded plate or <^creen of fairly good conducting material enclosing the 
circuits under con-,ideration takes care of the disturbing effects of electrostatic fields 
(see Article 309 and (A) and (B) of Fig. 225). As long as the metal enclosing the 
circuits is a good conductor, it may be thin and yet give complete shielding from 
external electric fields. If the resistance of the shielding material is very high, or 
if the frequency is quite high, the electrostatic shielding will be correspondingly less 
complete. For tht.s reason, sheet iron, zinc, etc., are not good shielding materials for 
use in r-f amplifiers. It is a much more difficult problem, however, to eliminate the 
disturbing effects of the electromagnetic fields upon the circuits. To completely 
shield a space, it must be surrounded by a box of conducting material. 

The question naturally arises as to the shielding efficiency of various metals. 
The basic factors governing the shielding efficiency of copper and brass in particular, 
have been investigated by Morecroft and Turner (Proc. Inst. Radio Eng. IS, All, 1925), 
while Mason (Q. S. T. 15, 23, 1928) has measured and discussed the shielding effi- 
ciency of aluminum in reference to other materials such as copper and brass. It was 
found that the thickness of the shield, the frequency of the field which is being 
shielded and the conductivity of the shielding metal all have a bearing on the efficiency 
of the shielding. At low frequencies the thickness of the shield and the conductivity 
of the metal are relati\ely important factors. At the radio-frequencies used in broad- 
casting and at higher frequencies, however, the conductivity of the shield is not so 
important; \ery thin shields of either afuminum or copper may give practically 100 
per cent shielding. Shields made of 20 gage (0.032 inch) or thicker aluminum sheet 
give good results mechanically and also give substantially 100 per cent shielding. This 
combination of high electrical conductivity, good mechanical rigidity and low weight 
has made the use of aluminum shielding very popular. Also it can be given a very 
plea.sing and peimanent dull silvery finish at very little cost. When copper is em- 
ployed, it must be lacejuered or otherwise' treated to prevent corrosion and tarnishing 

Collapsable aluminum stagc-shield.s are available with flat side pieces about 0.08 
inch thick and special groo\ed corner pieces into which they fit. These are very con- 
venient for making box-shields 

Shielding ‘should be thoroughly grounded to the B- and ground cir- 
cuits of the receiver. It is not considered good practice to employ the 





shielding as, a conducting path for the filament, cathode, or grid return 
circuits, since undesirable couplings may take place between the various 
circuits* due to high resistance joints in the path, or to the actions of the 
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magrnetic fields of the returning currents. This is the cause of oscilla- 
tions in many otherwise well-designed high-gain receivers, in which all 
other sources of interstage coupling have been removed. It is best to 
provide a separate insulated conducting wire for each current path. In 
this way the various currents are all confined to their proper paths and are 
kept separate. Ail holes in the shields, necessary for instrument shafts, 
wiring, etc., should be as small as possible, since the shielding effect can be 



CourUty PUct Radio A Tuba Corp. 

FIf. 298 — Top and bottom views of the chassis of a typical radio receiver in •vhich In- 
dividual tuning condenser, r-f tube, and r-f coil shields are employed. M is a coil 
shield. 


totally spoiled by a few large open holes. Where wires are brought out 
through the shields, it is a good plan to use small rubber bushings to pre- 
vent abrasion of the insulation with resulting short circuits. 

Considering the r-f amplifier of a receiver as a unit, the question 
arises as to whether to shield each r-f coil and tube individually or to 
shield each complete r-f stage consisting of wiring, coil, tube, and tuning 
condenser as a unit as shown in Fig. 297. Both methods can, and have 
been used. If the r-f amplifier parts are to be shielded individually, the 
coils may be enclosed in individual shield cans, (see Fig. 299) which can 
be made removable to facilitate testing and repairs. The screen-grid 
tubes can also be enclosed in separate removable shields of the type shown 
at the left. (The individual stator sections of modern gang tuning con- 
densers are already shielded from each other by grounded electrostatic 
shield plates built into the condenser (see Fig. 268), so this source of 
electrostatic coupling is taken care of.) In this way, the necessary amount 
of shielding can be obtained at low cost, and the design is such that the en- 
tire chassis of the receiver is open and parts are easily accessible for test 
and repair work. 

Rear and bottom views of the chassis of a typical receiver constructed in this way 
are shown in Pig. 298. At the left, the aluminum shields S on the three screen-grid 
r-f tubes are shown, the control grid caps of the tubes projecting through the mboOT- 
insulated holes in the shields. Directly behind these is the shielded “gang type" tuning 
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condenser T, with its dial D, at the right. Next to this is the power pack, with its 
enclosing^ shield removed to show the power transformer U, choke V, etc. In the 
bottom view of the chassis, two of the r-f coils R, with their aluminum shields re- 
moved are shown at the left. Next to these is one of the coil-shields M in place over 
the third coil. Notice that the entire receiver construction is open, providing good 
ventilation and easy access to any part. At the left of Fig. 286 may be seen the 
shielded assembly of a typical intermediate-frequency transformer of a supner- 
heterodyne receiver. The entire unit with its two small mica compression-type tuning 
condensers is enclosed in the aluminum shield can. 

The construction in which separate shields are used for complete r-f 
stages, is usually more expensive than the individual unit-shielding just 
described, since much more shielding metal must be used and the entire 
structure of the receiver is more complicated. Testing and repair work 
are hampered, since the stage shields must be taken apart and removed 
in order to get at the wiring and parts for such work. The only real ad- 
vantage it possesses is, that since all wiring in the r-f stages is enclosed 
within these shields the wires cannot be acted upon by any strong fields 
from powerful local broadcasting stations and have signal voltages in- 
duced in them. This, of course, would reduce the selectivity of the re- 
ceiver. A metal cover-plate underneath the chassis of the unit-shielded 
receiver would eliminate this effect however. 

413. How shielding affects a tuning coil: One effect accompany-* 
ing the shielding of a coil by means of a metal enclosing shield is shown in 
Fig. 299. A shield for a screen-grid tube is shown at the left. Next to it 
is an r-f coil enclosed in a shield can, cut open at the front to show the 
interior. As shown at the right, the windings on the coil and the metal 
.of the shield form the plates of a condenser. This is a constant capacity 



Piir 2Sft— Left- An aluminum shield for a screen -grid type r-f tube Is shown at the Ijft. 
Fig. 299— Left. An aluminum shield cut open to show the intertor. 

the shield around a coil adds to Us distributed capacity and reduoea 
StlSuve^^tunm^ f^eqiiency^ o"r wavelength range of the coll. 


and acts the same as the distributed capacity of the coil. It reduces the 
effective tuning range which may be obtained with any given tuning coil 
and condenser, acting like a small fixed capacity connected in parallel 
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with the tuning condenser, so that even when the tuning condenser capa- 
city is at minimum value, this capacity is still in the circuit. As a result 
of this capacity action, a shielded coil to be used with a tuning condenser 
of given size should have a few turns of wire less than if the shield were 
not used. This effect is partly counteracted by the fact that since part 
of the magnetic field of the coil is absorbed by the shields, a reduction of 
the self-inductance of the primary coil results. This makes it necessary to 
use a few turns more on the coil to compensate for this reduction. How- 
ever, if the coil is of small diameter and the shield is of such size that a 
space equal to at least the diameter of the coil separates the coil from the 
shield all around, the latter effect will be smaller than the capacity effect, 
with the net result that a few turns less than the normal number must be 
used when the shield is employed. The shield around a coil should always 
be made as large as possible, especially along the length of the coil, consis- 
tent with the space available for it. If insufficient space is left between 
the coil and shield, the distributed capacity of the coil is increased very 
greatly, reducing the tuning range. Also, excessive eddy currents will 
be produced in the shield metal due to the magnetic field of the coil. This 
is a loss, and acts as an increase in the a-c coil resistance. When using 
shielded coil, the coil itself should first be designed with proper propor- 
tion of length and diameter which will give a small external field. Then the 
shield should be designed to confine this field as much as is necessary, 
without seriously increasing the a-c resistance of the coil. 

414. General shielding considerations: Shielding is rarely neces- 
sary in well-designed audio amplifiers, unless a large number of stages of 
high-gain amplification is used. Even in r-f amplifiers, shielding should 
not be used indiscriminately, since it not only adds to the cost of the re- 
ceiver and complicates the construction, but if not employed properly, no 
practical advantage will be obtained from it, — in fact, it may cause harm- 
ful absorption of energy. 

With ordinary tubes in receivers using one stage of amplification and regenerative 
detector, since most of the energy is confined in the detector circuit, with comparative- 
ly small r-f currents flowing in the r-f amplifier, shielding is usually unnecessary 
if the coils are kept at right angles and a fair distance apart. In exceptional cases, a 
grounded plate-shield placed between the coils will be all that is necessary for shield- 
ing. With two stages of tuned r-f, shielding is not usually required if small coils 
placed at right angles a reasonable distance apart are used, and if wiring is done 
carefully unless the receiver design is very compact and the parts must be mounted 
very close together. A small grounded plate-shield between the transformers will 
usually suflTice in many cases. In sets employing three or more stages of r-f ampli- 
fication, it is almost always necessary to completely shield the individual stages of the 
entire r-f amplifier, if high amplification per-stage is to be obtained. All “A** and 
"B” power supply leads should be properly choked and bypassed to prevent r-f cur- 
rents from the various stages from passing into the power supply device and causing 
interstage coupling there due to the various impedances encountered. 

Wiring in a shielded set should be laid out carefully. Plate and grid leads and 
connections to neutralizing coils and condensers must be removed as far as possible 
from the metal, in order to minimize their capacity to ground, and thus minimize de- 
tuning effects^ Grid and plate neutralizing connections that must be run from one 
shielded compartment to another should be carefully insulated from, and not run 
parallel to, the shields. 
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REVIEW QUESTIONS 

1. What must be the inductance of the secondary coil of an r-f 
transformer if it is tuned with a condenser having a maximum 
capacitance of .0005 mfd? The maximum wavelength is to be 
600 meters. 

2. The tuning condensers across the primary and secondary wind- 
ings of the band-pass intermediate coils in a 175 kc superhet- 
erodyne receiver are of 200 mmf. capacitance. What is the in- 
ductance of each coil, in microhenries, neglecting the distributed 
capacitance? 

3. An inductance of 150 microhenries is to be tuned to 200 meters. 
What is the capacitance of the tuning condenser required? 

4. A tuning coil in a long-wave receiver is to tune to 1200 meters 
with a tuning condenser of .0005 mfd. What must be the induc- 
tance of the coil? What standard size of honeycomb coil would 
you use for this? 

5. If the coil in problem 1, is wound with No. 30 enameled wire on 
a one-inch diameter form, find the total number of turns re- 
quired and the length of the winding. (The coil design charts 
may be used for this.) 

6. Draw the circuit diagram for, and explain the operation of two 
. simple methods designed to produce uniform amplification in. a 

simple tuned r-f amplifier over the broadcast frequency band. 
What are the advantages and disadvantages of each? 

7. Show how the primary and secondary windings of an r-f trans- 
former should be connected between two tubes for normal phase 
connection: (a) if both windings are in the same direction; (b) 
if the windings are in opposite directions. 

8. What is meant by the distributed capacity of a coil? Illustrate 
your answer with a sketch. What is the objection to high dis- 
tributed capacity in a tuning coil? How may it be kept low? 

9. Describe several types of inductance coils and state the advan- 
tages and disadvantages of each. 

10. How may the coupling between the primary and secondary of a 
coil be tightened, loosened? 

11. What is the effect on the tuning characteristic if excessively 
tight coupling is employed betv/een the primary and secondary 
of a t-r-f transformer? 

12. How may 3 cuils be placed to prevent inductive coupling between 
them? 

13. What is the purpose of shielding in r-f amplifiers and how does 
shielding accomplish this purpose? 

14. What materials are suitable for shielding? Which is used most? 
Why? 
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16 . State three ways in which energy feedback from the plate circuit 
to the grid circuit can take place in an r-f amplifier stage. Il- 
lustrate your answers with sketches. 

16^ Name three losses which exist in tuning coils and explain how 
the coil should be constructed to make each as small as possible. 

17. What is meant by “skin effect” ? What caases it? Why does it 
increase greatly as the frequency is increased? 

18. Why is it desirable to use more turns of wire for the primary 
winding of an r-f transformer used with screen-grid tubes than 
for one used with ’27 type three-electrode tubes ? 

19. The secondary of an r-f transformer tunes from 200 meters to 
600 meters with a certain tuning condenser. An aluminum 
shield is put around the coil to prevent interstage coupling. Now 
the coil and condenser tune from above 600 meters down to a 
minimum of 250 meters. Explain the reason for this. 

20. What must be done to the coil in problem 19 in order to permit 
tuning down to 200 meters when this coil-shield is used ? 

21. A tuning coil is to be designed with a tap so that when it is used 
with a tuning condenser having a maximum capacitance of 
.00035 mfd., maximum wavelengths of 600 and 400 meters may 
be reached by using either the full coil or the part from one end 
to the tap. Design the coil if it is to be wound with No. 26 
D. C. C. wire on a 2 inch diameter form. Locate the exact posi- 
tion of the tap, neglecting any interaction due to the unused por- 
tion of the winding when the tap is employed. 

22. To what minimum wavelength will the arrangement in question 
21 tune both when the full coil is used and when the tap is em- 
ployed, if the total of the distributed capacity and the minimum 
capacitance of the tuning condenser is .00004 mf? 
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AUDIO AMPLIFICATION 

NEED FOR AUDIO AMPLIFICATION — R-P VS. A-F AMPLIFICATION — REQUIRE- 
MENTS OF THE A-F AMPLIFIER — FREQUENCY RANGE DESIRED — IMPORTANT 
CHARACTERISTICS OF THE HUMAN EAR — POWER IN SOUNDS OF VARIOUS 
FREQUENCIES — VARIATION IN INTELLIGIBILITY OF SPEECH SOUNDS — COM- 
PENSATING FOR SIDE-BAND SUPPRESSION — THE TRANSMISSION UNIT — 
DECIBEL — FREQUENCY RESPONSE CURVES — COUPLING METHODS — TRANS- 
FORMER COUPLED A-F AMPLIFIER — DESIGN OF THE A-F TRANSFORMER — 
TRANSFORMER RATIO — LARGE SIZE TRANSFORMERS AND CORE SATURATION — 
PARALLEL-FEED PLATE SUPPLY — CLOUGH SYSTEM WITH RESONATED PRI- 
MARY — RESISTANCE COUPLING — SIZES OF RESISTORS AND CONDENSERS — 
MOTORBOATING — CHARACTERISTICS OF RESISTANCE-COUPLED AMPLIFIERS — 
IMPEDANCE COUPLED A-F AMPLIFIER — AUTOFORMER IMPEDANCE COUPLING 
— DUAL-IMPEDANCE COUPLING — DIRECT COUPLED AMPLIFIER — THE LAST 
AUDIO STAGE — POWER TUBES — PUSH PULL AMPLIFICATION — PARALLEL 
OUTPUT TUBES — DISTORTION TESTS — MAXIMUM UNDISTORTED OUTPUT — 

MATCHING INPUT AND OUTPUT IMPEDANCE — DUAL PUSH PULL — 

* TONE CONTROL — REVIEW QUESTIONS. 

415. N«ed for audio amplification: Thus far we have studied 
the construction and operation of the various r-f amplifier and detector 
systems employed in radio receivers. The function of the r-f amplifier 
is to increase or amplify the amplitude of the weak signal voltages before 
they reach the detector. The current in the plate circuit of the detector 
(Figs. 236 and 237) varies at the audio frequencies of the sounds being 
transmitted. These current variations are usually too weak to operate 
a loudspeaker, and can be amplified again before reaching the loud speak- 
er, by means of one or more vacuum tubes connected up suitably as ampli- 
fiers. Since the currents and voltages appearing after the detector vary 
at the audio frequencies of the sounds in the program, this is known as 
audio-frequency (a-f) amplification, and the amplifier is called an audio- 
frequency (a-f) amplifier. 

This presents then, three choices of amplification of the incoming sig- 
nal voltages, (1) the r-f signal can be amplified before reaching the 
detector by successive stages of r-f amplification; (2) it can be amplified 
after leaving the detector by successive stages of a-f amplification; (3) 
it can be amplified both before and after by a combination of. the two, as 
shown in Fig. 300. It should be understood that the r-f amplifier may be 
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either of the t-r-f or superheterodyne type. A consideration of just 
what advantages and disadvantages can be secured by each of these meth- 
ods is important at this time, as it will make clear the reasons for building 
radio receivers as we do, and the reasons for possible future changes. 
The question of the correct proportions of r-f and a-f amplification in a 
receiver is assuming great importance lately. A study of the advantages 
and practical limitations of each of these forms of amplification will help 
toward a clearer understanding of the receiver. 

416. R-F vs. A-F amplification: Until recently, the use of de- 
tectors which operated on the square law principle was widespread. With 



Fig. 800 — Modern radio receiver system. The incoming radio-frequency signal voltages in- 
duced in the antenna, are tuned and amplified by the r-f amplifier, (which may be 
of the t-r-f or superheterodyne type); then they are detected or "demodulated", 
and the resulting a-f voltage variations are amplified further by the a-V amplifier, 
Anally being converted into sound waves by the loud speaker 

detector of this type, since the detector output is approximately propor- 
tional to the square of the strength of the voltage variations applied to its 
input, up to a certain limit, the advantage of doing the amplifying in the 
r-f amplifier ahead of the detector is self-evident, since amplifying the 
signal voltage a certain amount before the detector, makes the actual gain 
proportional to the square of this increase, when considered in the detec- 
tor output. This advantage no longer holds when linear detectors of the 
types now becoming popular are employed, because with this type of 
detector the detector output always bears a certain fixed ratio to the in- 
put, regardless of the amplitude of the input signal voltages. 

A real important advantage of r-f amplification is that the function 
of tuning or signal selection can be combined with that of amplification 
in the r-f amplifier, whereas no station tuning or selective effect is ob- 
tained in the audio amplifier. Therefore, even if we built a receiver sim- 
ply with a detector and many stages of audio amplification, we would still 
need several tuning circuits ahead of the detector to obtain the necessary 
selectivity (ability to eliminate the signals of unwanted stations). The 
tuning circuits cannot be eliminated, with our present radio transmitting 
and receiving system. The increased number and power of transmitting 
stations on .the air is daily making the selectivity problem more and more 
acute. On the contrary, if we build our receiver with many stages of r-f 
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amplification and a detector (with no audio amplification) we have theore- 
tically, all the requisites for a satisfactory, complete receiver, insofar as 
radio or television signals are concerned. The trouble with a system of 
this sort is that the detector tube must handle the full amplified signal volt- 
age. There are no practical forms of detectors, (demodulators), available 
at the present time which are capable of handling signal voltages as large 
as would exist at the detector input of a receiver of this sort. Therefore 
a practical compromise is made in most commercial receivers by tuning 
and amplifying the incoming signal voltage in the r-f amplifier, to a 
value just below that which the detector can handle without overloading, 
then detecting or “demodulating” it by the detector tube and finally ampli- 
fying it further by one or two stages of audio amplification to the re- 
quired strength necessary to satisfactorily operate the loud speaker. By 
using “power detectors”, it is permissable to build up the signal voltage to 
quite some strength in the r-f amplifier before applying it to the detector, 
and therefore but one stage of audio amplification is required in most 
cases. This takes the form of a power stage, designed to deliver as much 
electrical “power” to the loud speaker for a given input signal voltage 
applied to its grid circuit, as possible. 

Another disadvantage of employing much audio amplification lies in 
its ability to amplify all stray electrical disturbances which are of such 
frequency as to cause objectionable sounds in the loud speaker. Such cir- 
cuit noises may be caused by low “A” or “B” batteries with consequent 
variation, in supply voltage, hum due to incorrectly designed electric power 
supply units, loose connections, microphonic tubes, non-uniform emission 
^long the length of the cathode, etc. These are all caused by electrical distur- 
Itonces lying within the usual audio-frequency range and will of course be 
amplified by the audio amplifier because the a-f amplifier is actually de- 
signed to amplify voltage variations of such frequencies. This becomes 
especially important in a-c electrically-operated receivers, where slight 
60 or 120 cycle voltages due to stray magnetic induction are amplified 
greatly, resulting in an objectionable low-pitched hum from the speaker. 
Such disturbances are not likely to cause as much trouble in an r-f amp- 
lifier because the r-f transformers do not efficiently transfer such low 
frequency variations from stage to stage. 

It is possible to build r-f amplifiers, using screen-grid type tubes, to 
produce any desired amount of amplification. The old troubles due to 
feedback and oscillation caused by the plate-grid capacity of the amplifier 
tube, have been practically eliminated with this form of tube. As a mat- 
ter of fact, r-f amplifiers of both the tuned r-f and superheterodyne 
type may be designed and constructed to produce so much amplifi'catioh, 
that they may actually be useless for use under average reception con- 
ditions, due to amplification of all stray electrical disturbances picked up 
by the antenna circuit to such an extent that extremely “noisy” operation 
results. In other words, they may receive below the “noise level”. Of 
course, this is an undesirable extreme. 
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An advantagre of a-f amplification lies in the fact that it is relatively 
easy to build a two-stage (and with care, a three-stage) a-f amplifier that 
is perfectly stable and gives high amplification. The amplifier noises men- 
tioned are a disadvantage especially when more than two stages are used, 
but the production of better tubes and associated apparatus is reducing 
this objection. When a phonograph pickup is to be used in conjunction 
with the radio receiver, some audio amplification is necessary to strength- 
en the low output voltage of the pickup to a value sufficient to give satis- 
factory loud speaker operation. Since in such receivers, at least one stage 
of audio amplification must be provided for the phonograph pickup, it is 
also employed for amplifying the radio signal voltage, when radio pro- 
grams are received. 

A consideration of all these factors shows that the question of just 
how much r-f or a-f.; or r-f and a-f amplification it is best to employ 
must necessarily be decided by a compromise between all of the factors 
involved. In the old types of receivers employing 3-electrode tubes in 
the r-f amplifier it was almost standard practice to use at least two stages 
of a-f amplifica fon following the detector. In modern receivers in which 
screen-grid tubes are employed in high-gain r-f amplifiers and a power 
detector is employed, the signal voltage is built up to such high values in 
the r-f amplifier that but a single stage of audio amplification is required 
and used. Of course audio amplifiers find many other uses outside of 
radio receivers. They make public address systems possible, are used in 
home recording of phonograph records, in photo-electric pell operated 
devices, in sound pictures, etc., so it is essential that the various systems 
employed be thoroughly understood. While the general audio amplifier 
systems are applicable in many of these fields, in this chapter we will con- 
sider them particularly from the viewpoint of the radio receiver. The 
special characteristics required for public address work, television signal 
reception, sound motion pictures, etc., will be discussed in conjunction 
with these subjects later. 

417. Requirements of the a-f amplifier: It is desirable that an 
amplifier employed to amplify the audio-frequency signal voltage output 
from the detector tube of a radio receiver, be looked upon not as a separ- 
ate device, but as part of the entire receiver consisting of the r-f ampli- 
fier, detector, a-f amplifier and loud speaker. It should be kept constant- 
ly in mind that the prime object of the radio receiving apparatus taken 
as a unit, is to reproduce faithfully, without noticeable change or distortion 
of any kind, the music or speech produced by the performers in the studio 
of the 'broadcasting station. Notice that “noticeable change” was men- 
tioned, because due to certain characteristics of the human ear, it is pos- 
sible to have some changes take place without being noticed or detected 
by the average ear; that is, absolute perfection is not necessary. It is 
not always desirable to have the audio amplifier, amplify all frequencies 
within the tiudio range equally, for in many cases deficiencies in loud 
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speaker response, or even in the r-f amplifier or detector, can be equalized 
by an audio amplifier designed especially to over-amplify certain frequen- 
cies. It is desirable however, to have the amplifier amplify the incoming 
signal voltages without distortion of any kind in the wave-form. 

418. Frequency-range desired: A detailed study of the charac- 
teristics of the various speech and musical sounds broadcast during radio 
programs was made in Chapter 2. We found that an audio-frequency 
range of from about 40 or 50 to 8,000 or 10,000 cycles is desirable for the 
transmission, reception and reproduction of speech and music. Radio 
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Fig 301 — Comparison of average sound frequency transmission characteristics of radio 
transmitters and receivers of a few years ago with those of recent date are 
j'hown by these curves Curve (1) show’s the audio frequency transmission char- 
f\ctenstlc of a modern broadcasting station 

transmitter development has reached a stage where the apparatus may 
,be designed to transmit almost any required range of sound frequencies. 
The performance of recent broadcasting equipment in transmitting the 
range of audible frequencies is indicated in Fig. 301. In this figure, (1) 
is the characteristic of the present Western Electric 50 kw. transmitter, 

(2) is that of the Western Electric 500 watt transmitter of 1924, and 

(3) and (4) are characteristics of typical radio receivers of the present 
and 1926, respectively. It is evident that the faithfulness of reproduction 
still depends largely upon the performance of the receiver, since the mod- 
ern transmitters are capable of almost perfect quality in this respect. 
Notice the almost flat transmission curve between 40 and 10,000 cycles 
for the modern 50 Kw. transmitter. Although these are designed with a 
sound frequency-range up to 10,000 cycles, they do not actually broadcast 
anything above 5,000 cycles. This is due to the fact that there is but a 

10.000 cycle (10 kc) band between adjacent station carrier-frequency 
assignments, and since both sidebands are broadcast, frequencies above 

5.000 cycles begin to overlap those of the station on the next assi^ment. 
It would appear that 6,000 cycles is the extreme limit of reproductioq to 
be hoped for without a wider separation of transmitting station channels. 

In order to obtain true reproduction of speech and music, the entire radio re- 
ceiving equipment including the sound reproducer taken as a unit, should not introduce 
or suppress any of the audio freouencies present in the signal, nor should they be partial 
to certain frequencies and amplify them more than they do others, l^e reproduc- 
tion requires uiat all the original frequencies, fundamentals and overtonds be present 
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in the Mine proportion as in the original sounds. Incidentally, the audio amplifier in 
a television receiver is called upon to amplify a much largrer band of frequencies uni- 
formly than that employed in a receiver for sound programs only. 

419. Important characteriatica of the human ear: When consider- 
ing audio systems, some important characteristics of the human ear must 
also be considered. There is a minimum sound intensity below which the 
human ear cannot detect sounds and a maximum intensity above which 
sound becomes painful. These values vary with the frequency. At low 
levels of sound intensity, a change of about 25 per cent in loudness mufit 
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Fig. 302 — Any sound wave that can be heard, lies within the field outlined here. Areas cov- 
ered by the most prominent speech sounds are Indicated both as to their fre- 
quency. range and sound pressure by the center shaded region. The threshold of 
audibility curve indicates the actual value of sound pressure required to just pro- 
duce an audible sound at the various frequencies. The threshold of feeling curve 
Indicates the sound pressures which produce the sensation of feeling or pain 
rather than of sound — at various frequencies. 


occur before it will be detected by the human ear. At greater intensities, 
the change must be at least 10 per cent before it will be noticed. 

The range of pressure and frequency that the ear will respond to, is shown in 
Fig. 302, in which the scale of absicissas is frequencies in cycles per second, and the 
ordinate scale is sound pressure in dynes. Frequencies above about 20,000 cycles are 
not perceived as sound, nor are those below about 20. Any frequency between these 
limits/ however, is recognized as sound if its pressure is above the lower boundary 
curve marked “Threshold of Audibility." The upper boundary, marked “Threshold 
of Feeling" indicates the pressure at which feeling begins. Above this line the sounds 
are felt, actually causing pain by their excessive pressure. 

Frequency and pressure are only the physical characteristics of a sound; our 
mental responses are called pitch and loudness. Both of these vary logarithmically 
with their stimulas, difference in pitch between two sounds corresponding to the loga- 
rithm of the ratio of their frequencies, and similarly, differences in loudness are pro- 
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portional to the logarithm of the difference in pressure, but with loudness the propor* 
Uonality is not quite constant so that constant loudness lines are not truly horizontal. 
Because of this logarithmic law the illustration is plotted with logarithmic scales, and 
in addition an arbitrary loudness scale is shown on the right, the units of which, 
called “sensation units”, are defined as twenty times the logarithm of the pressure. 

420. Power in sounds of various frequencies: Although sounds 
of different frequencies can be adjusted so they sound equally loud to the 
average human ear, the power required to produce these sounds differs 
widely. It has been determined experimentally by Dr. Harvey Fletcher 
and his associates at the Bell Telephone Laboratories, that the energy 
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Pig 303 — Curve A shows how the power necessary to produce sounds of different frequen- 
cies but equal loudness, vanes. Curve B shows how the intelligibility of speecb 
sounds varies as all the frequnecies below the certain value are eliminated. Curve 
C shows how this varies as all the frequencies above the certain value are 
eliminated The scale at the right applies to these two curves. 


necessary to produce speech sounds of the same intensity but of different 
frequencies, varies according to the curve A in Fig. 303 for the average 
human ear. It is evident that a very large increase in power is required 
to produce the sounds below about 500 cycles. Since the ear is very 
sensitive to tones around 1,000 cycles, very little energy is required to 
produce tones of this frequency for the same degree of loudness as shown 
by the sharp drop of curve A around 1,000 cycles. This curve is very im- 
portant in the study of the “power” or “output stage” of audio amplifiers, 
for it shows that the loud speaker will require a much larger amount of 
power from the power tube for these frequencies than for the higher 
ones — provided it is capable of producing the lower-frequency soundh. 
An amplifier that can amplify the low frequencies requires a power tube 
and power supply system of larger rating, and more amplification, than 
another amplifier that does not amplify these low-frequency notes. 

421. Variation in intelligibility of speech sounds: We have seen 
that the ear is able to perceive a large number of tones of different inten- 
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sity and frequency. We have also seen that the voice and various musical 
instruments produce tones which cover a large portion of the auditory 
sensation area. In order to obtain information as to the relative import- 
ance of various parts of this area to the sensory characteristics of speech 
and music, experiments have been performed in which the tones falling in 
rarious parts have been eliminated from the sounds by means of high-pass, 
low-pass and band-pass filters. 

It has been found that if all of the frequencies below 100, 200, 300 or on up 
to 1,000 cycles are progressively eliminated from speech, it is still 85 per cent intelli- 
gible, though a greater part of the energy of the sounds has been removed as shown 
by curve A. Curve B of Fig. 303 shows the relation between the intelligibility of 
speech (per cent of words understood) and the elimination of all frequencies below a 
given frequency. The vertical scale for this is at the right. 

However, although the sounds can be understood, the character or 
“tone quality’* of the speech changes markedly. Due to this relative in- 
sensitivity of the ear, an average audio amplifier and loud speaker can be 
built with a rather poor audio characteristic and still sound reasonably 
good to the average ear. Although the ear can understand those sounds 
which lack the lower tones, listening to an amplifier and reproducer of this 
kind is very tiring and irritating. 

When frequencies above 8000, 7000, or on down to 3000 cycles are eliminated, the 
character of the speech again changes markedly. The term ‘‘sibilance”, appearing 
to describe best the characteristic lost, refers to the prominence of the hissing or fric> 
tional character of speech. If attention is directed to such sounds as s, f, th, and z, 
the elimination of frequencies above 6000 or .7000 cycles is readily detectable, but it 
requires rather close attention to detect the elimination of frequencies above 8000 
cycles. Curve C of Fig. 303 shows the relation between intelligibility and the elim- 
ination of all frequencies above a given value. As will be seen from this curve, 
if the frequencies above 1,000 cycles are omitted, only 40 per cent of the speech sounds 
will be understood. Although the sounds may be easily understood if the frequencies 
above 3,000 cycles are eliminated, they sound very unnatural, and again tire the ear, 
causing irritation. The higher frequencies are really necessary to give clearness, 
definition, and depth to the sounds, and since they consist mostly of the harmonics, they 
are the means of recognizing ditferent instruments which produce the same notes, 
and different voices (see Article 6). 

It is evident from a consideration of these facts, that the average ear 
is a rather poor measuring instrument and should not be trusted too much 
in judging either frequency or intensity of sound outputs. It is also evi- 
dent that the sound output from an audio amplifier and loud speaker com- 
bination can be quite far from an exact reproduction of the original sound 
and still appear satisfactory to the ear. At medium frequencies, a change 
in frequency of about 0.3 per cent can be detected, at low frequencies a 
change of about 1 per cent is necessary for detection by the ear. Another 
phenomenon of hearing which enters into the sensation of sound, is called 
masking. Lower pitched tones in a sound deafen the hearer to the higher 
tones, and this masking effect becomes marked when the loudness of the 
low tones is great. Masking of the higher notes makes the combined 
sound appear to be lower in pitch. For true reproduction then, the 
sounds should be reproduced with. about the same loudness as the original 
sounds in the broadcast studio. Intense high-frequency notes do not ap- 
pear to masic low-frequency notes to any degree. 



AUDIO AMPLIFICATION 


62S 


422. CompenMtinc for tide.band tuppreaiion: In this discussion 
it has been assumed that the audio amplifier is to follow an r-f amplifier 
and detector in which no side-band frequencies are suppressed (see Article 358) and in 
which no other distortion takes place. If this is not the case, the problem becomes 
further complicated, as the amount of side-band suppression is rarely known. If it is 
known, it can be corrected in the audio-frequency amplifier system by increasing the 
amplification of the high frequencies which have been suppressed in the r-f amplifier. 
This is beyond the scope of the home constructor but is feasible for manufacturers 
who sell sets complete with built-in loud speakers. 

It must be remembered that the cutting off of some of the lower frequencies does 
not prevent the listener from hearing these notes, for the second (and possibly the 
third) harmonics of these are amplified and passe<l on. The ear partly adds the 
fundamental pitch of a note, of which only the harmonics are being produced, ao 
that these notes are heard, although the “quality,*' “timbre," or “tone color" of the 
tone is changed. If it were not for this fact, some of our older sets and speakers 
would sound terrible, as they do not reproduce any of the fundamentals below 200 or 
300 cycles. Timbre is probably more important in music than in speech, as it is one 
of the things that distinguishes the tones of the various instruments. In general, 
the fundamental and first two or three overtones are necessary in order to distinguish 
clearly the tones of the various instruments. 

It can be seen that an a-f amplifying and reproducing system may fall considerably 
short of the ideal without giving really objectionable reception, due to the peculiarities 
of hearing of the average person. A trained ear could possibly detect the elimination 
of frequencies above 8,000 cycles per second from the ordinary run of music, but the 
average individual would have difficulty in detecting the elimination of frequencies 
above 6,000 or 7,000 cycles, unless he paid particularly close attention to each of the 
instruments in an orchestral selection. The factor which really guides the design, is 
how good the system will be when apparatus which is not prohibitive in cost is used 
under practical working conditions. 

423. The transmission unit — decibel: Before proceeding with 
the study of audio amplifiers, it is necessary that we learn something of 
the common methods used to express and compare their operating char- 
dcteristics. Then we will be prepared to pass judgment on the worth 
of any amplifier system. 

It has been detei mined experimentally that the respon.se of the human ear is such 
that the impression it gives of loudness of a single note is not linearly proportional 
to the sound energy acting upon it but is approximately proportional to the logarithm 
of sound energy. For example, a full orchestra playing a passage of music at its full 
volume creates sound energy about 1,000,000 times as great as when it plays this 
same passage at its softest volume. However, to the average normal ear the loud 
passage does not sound 1,000,000 times as loud as the soft passage. It sounds only 
about 60 times as loud. The eneigy ratio in this case is 1,000,000 to 1. The loudness 
ratio (as perceived by the ear) produced by it is only about 60 to 1. 

(This fortunate provision of nature is really a blessing in a way, for it protects 
our delicate ear mechanism against injury from sound waves of great energy.) 

It is evident then, that in any electrical system having to do with the transmission, 
amplihcation, or reduction, of electrical energy which is finally to be changed into 
sound energy it is convenient to have a unit of transmission efficiency that bears 
some close relationship to the logarithmic loudness response characteristic of the 
average human ear and also that can be treated by the ordinary processes of addition 
and subti action in order to obtain the total gains or losses in a circuit. In order to do 

this it is necessary that the unit be an exponential one, and it was for this reason 

that the decibel was chosen as the unit of transmission efficiency. 

In communication work the common logarithm* of the ratio of the 

power P 2 which exists in the termination or receiver when the device or 

circuit under consideration is inserted, to the power Pi which exists in the 
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termination or receiver when the device or circuit is removed is a measure 
of the transmission “loss” or “gain”, in “bels” which the device or circuit 

P2 

introduces. That is, bels=logio . 

Pi 

The bel was named in honor of Alexander Bell the inventor of the tele- 
phone. Since for the ordinary power ratios encountered in practice the 
bel is too large a unit for convenient expression, the decibelf (one-tenth of 
a bel) is the unit more commonly used. Therefore, since 1 decibel=0.1 bel 
and, conversely, 1 bel equals 10 decibels, the number of decibels difference 
in level between P^. watts and Pi watts is 

P2 

Decibels = 10 logio 

Pi 

(In telephone work) the decibel (abbreviated DB, or db) has also been called 
the transmission unit (abbreviated TU). 

The two power values P 2 and P| in the equation for decibel's must both 
be expressed in the same unit (kilowatts, watts, milliwatts, microwatts, 
etc.). If the ratio of the output power (P 2 ) is greater than the input 
power (Pi), there is a “positive’’ gain. If the output power (P 2 ) is less 
than the input power (Pi) there is loss (indicated by a negative sign for 
the logarithm value). 

It happens that only a trained musical person could notice any difference in loud- 
ness produced by a 1-DB change in the sound energy intensity of a single note. 
Changes of less th? i IDB cannot be noticed by the human ear. In fact, to mo^t 
persons, even a 2DB change is only slightly noticeable. Thus, an increase from 
3 watts to 4,75 watts is only a slightly audible increment, since it is an increase of 
2DB in sound energy. 


*The common logarithm of a number is the power to which 10 must be raised to equal 
the number. Thus, log 10=1; log 100 = 2 (because lO^— 100); log 1000 = 3 (because 
10^=1000). Similarly, log 45 = 1.653 because 10^ — 45. This common system of 
logarithms uses 10 for the ba e. The values of the logartihms of numbers may be 
obtained from tables published in books on Algebra, Trigonometry, etc., but this is 
rather tedious work. The chart of Fig. 304 make^ the work of solving decibel 
equations simple, for no logarithms need be looked up. First locate the point 
corresponding to the given loss (or gam) ratio on the left, or right hand, vertical 
scale respectively. From this point project across horizontally to the heavy diagonal 
“loss (or “gain”) line. Then project downward from this point of intersection 
to the decibel scale at the bottom. If the given ratio involves power values, the 
decibel value is read on the upper horizontal scale marked “power Scale.” If the 
given ratio involves cunents or voltages, the decibel value is read on the lower 
horizontal scale marked “voltage or current scale.” 


tit must always be remembered that the loudness response of the human ear for 
the wide range of frequencies in music is not exactly in accordance with the logarithmic 
unit of transmission efficiency (the decibel), for the ear is not equally responsive 
to all sound frequencies (see Art. 420 and Fig. 303). Hence confusion between the 
Decibel which is not a loudness unit but a unit of change of power, and the Phon 
which is a true loudness unit should be avoided If the ear were equally responsive 
to all frequencies, the Phon and the decibel would be identical. 
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It should be remembered that the basis of the decibel as a unit of loss or gain 
is founded on power ratios. However, voltage or current ratios can also be used. 
In such cases since P = I2xR or E'^/R, substituting these values f or P in the equation 
for decibels, we obtein : (I,)2R-, Isv/RT” 

decibels=10 1 oK.o-^)1r; =^0 log.o 

likewise, decibels =20 log,n . \ /^ 2 — 

e/vRi 

(The factor 20 appears in the above expression since the right hand expression ap- 
peared as a number “squared.” Since the logarithm of the power of a number is equal 
to the logarithm of the number multiplied by the exponent of the power, this gives 
10 X^, or 20, in front of the logarithm expression.) 

If the resistances into which the two currents lo and I, flow are equal, or across 
which the two voltages and E, appear are equal, then Ro and R 2 cancel, and these 
expressions reduce to the simple forms: 

E lo 

DB = 20 logn) — ^ , and DB=:20 logj,, |" “ 

Jill 



Pig. 304 — Chart for quickly obtaining decibel values for various gain or loss ratios of 
power, current, or voltage. 

The same holds true in the case of a-c circuits, provided that the impedances 
and Zj across which E.^ and E^ are measured are equal. When the impedances are* not 
equal, the gain in decibels is e., Z^ kg 

DB=:20 logjo — ^ -f 10 logjo + 10 logjo 

Ej Zj kj 

Ig Zg kg 

also, DB=^20 log,o h 10 log^o h 10 logjo 

Ij Zj kj 

where, Z^ and Zg are the corresponding impedances, and kj and kg are the,corresponding 
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power factors of these impedances. 

To illustrate the use of the decibel formula for calculating; gains and losses in 
circuits involving a change of power at one point, suppose that an amplifier driving 

a loudspeaker is delivering 1 watt to it and that subsequently this is increased to 2 

watts, i.e., the power is doubled. The gain in decibels is then 

2 

gam zn 10 log,^ — ^ == 10 log,o 2 = 10x0.301 = +3.01 DB 

In a similar manner suppose the original power was 2 watts and it was then 

decreased to 1 watt. This represents a loss in power, and the ratio is 1 to 2. The 

loss is therefore 

loss = 10 Iog,„ -i-= 10 log,o 0.5 = IOxT.699 = —3.01 DB 
2 

To illustrate the use of the decibel formula to calculate a difference in power enl- 
isting between two points, consider an amplifier having an input of 0.002 watts into 
500 ohms and an output of 0.2 watts. The power gain due to the amplifier is then 

gain = 10 log,(, = ^0x2 = +20 DB 

This amplifier may therefore be described as having a gain of 20 DB (this neglects 
any consideiation of the input or output impedance) 

Reference Levels: What has been said thus far refers to the appli- 
cation of the ‘'deciber’ to increases or decreases in power. 

The next important use of the decibel is for “power level” considerations, that is, 
for expressing the power existing at any point in a circuit as so many DB above, 
or below, a standard amount ol power. Since decibels refer to uitios, they may only 
be used in this way (as a measure of absolute magnitude) when referred U; a definite 
reference level. The very term “power level” implies that we have established a 
standard “zero reference level” by which to gauge all others. 

Unfortunately, there is no one power reference level standard which has been 
universally adopte(lf*and until such standardization has been accomplished it is always 
important to clearly specify what reference level is being used. Several levels have 
been in common use. Thus, 6 milliwatts (O DB — 0.006 watts^ is widely used in 
sound picture and public address system work; RCA rates its equipment on a 12.5 
miUiwatt “zero level” basis; the U. S. Navy has used 1 milliwatt as the zero level 
in its specifications, etc. 

If 0.006 watts is considered as the zero reference level, then since the number 

Pj „ , , , power (watts) 

of DB equals 10 log-p^ Power level,,,,,, = 10 log,„ 

For example, if an amplifier delivers 0.06 watts to its output circuit, its power 
output level is 0 qo 

DB - 10 log,o - 10 log,,, 10 zr +10 

This could be written: Power level — lODB/0. 006 watts 

to indicate definitely that the amplifier under consideration delivers a power level 
which is lODB above the arbitrary reference level of 0.006 watts. 

Overall Gain or Loss: Because of the logarithmic character of the decibel, suc- 
cessive gains and losses expressed in db are added algebraically (when two numbers 
are to be multiplied, their logarithms are added), provided they are all expressed with 
reference to the same reference power level. For instance, suppose we have a system 
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containing successively an amplifier giving a positive gain of 40 db, a line having a 
negative gain {loss) of 5 db, an impedance-matching network giving a negative gain 
(/os«) of 30 db, and ending up with an amplifier contributing a positive gain of 
10 db— (all gains and losses referred to the same reference power level). The over- 
all gam of the system, from the input of the first amplifier to the output of the 
terminating amplifier, would be -f40db — 5db— 30db-|- 10db= -f 15db. This feature 
itself contributes consideiably to the simplification of power level calculations where 
there are a number of purees of equipment between the input and output terminals of 
a system. Once the gain (or loss) for each piece of equipment is known (providing the 
couplings have proper characteristics) it is necessary only to perform a simple 
algebraic addition to determine the overall gain (or loss) for the entire system. 




Fig 30j— Left Audio amplifier response curves plotted with "voltage ampliflcatlon" along the 
wiiKal St alt- 

Uight Audio amplifier response curves plotted with "gain In decibels" along the 
\eriical scale 


• 424. Frequency-response curves: One important thing to know 

about an audio amplifier, is how much it amplifies equal input voltages 
of different frequencies in the audio range. This data is obtained by 
applying equal signal voltages of the various known frequencies to the in- 
put, and measuring the output voltage in each case with a vacuum tube 
voltmeter or other suitable device. The results of such a test may be 
plotted in the foi m of a graph, with frequency along the horizontal scale 
and voltage amplification along the vertical scale as shown in Fig. 305. 
This is called the frcquency-response curve of the amplifier. 

The frequency-response curves should not be plotted with the frequency laid off 
uniformly along the horizontal axis. Since the ear hears logarithmically, the re- 
sponse curves are usually plotted so that distances along the horizontal frequency 
scale are made proportional to the logarithm of the frequency. The vertical scale is 
drawn proportional to the logarithm of the voltage amplification, as shown in the 
curves at the left of Fig. 305. In .some curves the gain in decibels is plotted along 
the vertical scale as shown in the curve at (B). In this case, equal gains in decibels 
are represented by equal divisions on the scale. This is all due to the fact that we 
hear logarithmically. T» difference in pitch between two sounds as heard by the 
human ear, corresponds to the logarithm of the ratio of their frequencies. Silnilarly^, 
the ear's response to differences in loudness are nearly proportional to the logarithm 
of the difference in pressure. Therefore, the audio-frequency response curves should 
be plotted this way in order to show the variations in their relative intensities just 
as they would actually affect the ear. 

It is essential that the frequency- respope curve of any audio couplmg unit should 
show the performance of the unit when in actual use, that is, with its associated 
vacuum tubes and under operating conditions. A curve of a transformer, impedance 
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coupling unit, resistance coupling unit, etc., when used with the testing device only, 
and not in actual, practice with the correct vacuum tubes and plate and grid voltages, 
is useless, since the performance will be different in actual practice, due to added tube 
capacities, etc. The plate resistance of the tube (which depends among other things, 
on the plate voltage and filament current) will affect the operation of the coupling 
unit. If this is a transformer, the load applied will produce marked changes. Con> 
sidering all these factors, frequency response curves are without real value unless 
made under actual operating conditions. 

425. Coupling methods: In most a-f amplifiers, the greater 
portion of the amplification is produced by vacuum tubes, and the usual 
problem of coupling each two successive tubes together so that plate cur- 
rent changes in one will f;ause corresponding grid potential changes on 
the next, arises. Fig. 306 shows a simplified diagram of a two stage amp- 



Plg. 306 — How th« coupling units are connected between the successive amplifler tubes of 
an a-f amplifler These transform the plate current changes existing in, one tube, 
to grid voltage changes applied to the following tube 

lifier in which amplification is secured by first-stage tube A and output- 
tube B. The coupling units Cl and C2 serve to couple the grid and plate 
circuits of successive tubes together. The output or varying plate current 
of one tube must be made to flow through an impedance, (see Art. 336), 
producing a varying voltage drop which is applied to the grid circuit of 
the next tube. This impedance, or coupling unit between, may take the 
form of an inductance or a resistance. This leads to three popular main 
forms of coupling for a-f amplifiers. 

(1) Transformer Coupling. 

(2) Resistance Coupling. 

(3) Impedance Coupling. 

Each system has its own peculiar limitations and advantages. They 
can all be made to work surprisingly well under certain conditions. The 
operation of each will be studied separately. 

426. Tranaformer-coupled m-f amplifier: Fig. 307 shows a cir- 
cuit diagram of a conventional two-stage transformer-coupled a-f ampli- 
fier. In Fig. 308 a single stage of this amplifier has been drawn separate- 
ly for purposes of analysis of the actions taking place. We will study the 
design and construction of the coupling transformers in detail presently. 
For our purpose at the present time, suffice it to say that the transformer 
T, is constructed with a primary and secondary winding on a steel core. 
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usually with the secondary having more turns than the primary so that 
a step-up in the voltage occurs in the transformer itself. One stage of 
amplification comprises tube A and transformer T. Varying signal volt- 
ages applied to the grid circuit of tube A, cause corresponding varying 
plate current changes. This varying plate current flows through the pri- 
mary winding. If the current is increasing, the e. m. f. induced in the 
secondary will be in a certain direction ; if the current through the pri- 
mary is decreasing, the induced e. m. f. in the secondary will be in the 
reverse direction. Thus, with a pulsating or varying direct current 
through the primary winding, an alternating e. m. f. is induced in the 
secondary. No voltage, however, is induced in the secondary when the 
current through the primary is steady. The output voltage of one stage 
can be fed to the input of another stage, etc., so that the signal may be am- 
plified again and again, and built up to the desired strength. 

Now, referring to (A) of Fig. 308, we can see that the primary wind- 
ing of the transformer is connected in the plate circuit of the previous 
tube and the .secondary is connected across the grid input circuit of the 
following tube. Let Ei be the a-f signal voltage applied to the input of 
the stage. This is equivalent to an a-;f voltage of liEi (n is the amplifica- 
tion constant of the tube) introduced in the plate circuit of the first tube A, 
tending to cause the a-f component of the plate current to flow. The 
plate-to-fllament path in the tube acts like a variable resistance equal in 
value to the plate impedance of the tube. The primary of the audio trans- 
former, consisting of thousands of turns of wire wound on an iron core, 
has appreciable inductance, so that it presents an impedance to the vary- 
ing a-f plate current. These facts can be used to draw the simplified 
equivalent circuit diagram (B), where pEi is a source of a-f voltage tend- 
ing to send current around the circuit through the plate resistance 



Rp, and the transformer primary impedance Z. This current, flowing 
through Rp and Z, produces a fall of potential across each, the sum of the 
two being equal to pEi. The varying voltage or fall of potential appear- 
ing across the primary of the transformer is stepped up by an amount 
equal to the turns ratio. This secondary voltage Ej is impressed on the 
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grid circuit of the following tube. As the vacuum tube is a voltage- 
operated device (changes in grid voltage producing changes in plate cur- 
rent) we are interested in getting as large a voltage Eo across the input 
of the second tube as possible. This means that as large a voltage drop 
as possible must be developed across the primary (see article 337). There- 
fore, its impedance must be made high compared to the plate impedance 
of the tube. If N is the turns-ratio of the transformer, the amplification 
of a complete transformer-coupled stage for each frequency then is : 



Fig. 308 — The typical transformer-coupler! a-f amplifier statje at (A) may be considered 
as shown at (B) for purposes of analysis of the actions 

z 

Amplification=(i N. 

Z+Rp 

If the transformer primary impedance Z is very high compared to 

Z 

Rp, so that the relation is nearly equal to 1, the amplification of 

Z-f-Rp 

the stage can be reasonably assumed to be equal to the amplification factor 
of the tube times the turns-ratio of the transformer. Of course this is 
true only when a transformer having a high-impedance primary is used, 
and as we shall see, this value is not exactly constant at all frequencies. 
Actually, if the transformer primary impedance is about 3 times the plate 
impedance of the tube, an amplification equal to 75 per cent of the mu 
of the tube multiplied by the turns-ratio of the transformer is obtained. 
It should be remembered that in a transformer-coupled a-f amplifier the 
transformers contribute to the step-up in voltage. For this reason, if the 
same type of tubes are employed, a transformer-coupled a-f amplifier 
requires less stages for a given total amplification than either the resis- 
tance or the impedance coupled types do. This is one of its advantages. 

427. Design of the a-f transformer: An audio transformer con- 
sists of a primary and secondary winding placed on a laminated magnetic 
core (usually shell-type as shown in Fig. 72), of silicon-steel, nickel-steel, 
or other special alloys. As shown in Fig. 309, the primary is wound in- 
side around the center core leg and insulated from the core. Around this, 
and insulated from it is the secondary winding. 

A steel cofe can be used in a-f transformers because since the frequencies of 
the currents in them will never be above 6,000 to 8,000 cycles or so, the losses due to 
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the eddy currents and hysteresis can be kept small by proper design. It will be re- 
membered that ordinary steel cores could not be used satisfactorily in r-f trans- 
formers on account of the excessive losses at the high radio frequencies. 

The secondary usually has more turns than the primary, in order to 
step-up the voltage. The usual turns-ratios employed are between 2 to 1, 
and 4 to 1. However, it is evident that not only the turns-ratio but also 
the impedance of the primary winding is important in determining the 
total voltage amplification of each stage. The turns-ratio determines 
how much the signal-voltage variations applied to the primary will be 
stepped up in the transformer, but the primary impedance determines just 
how strong these signal-voltage variations appearing across the primary, 
will be. 

The windings consist of many thousands of turns of about No. 40 or 44 enameled 
copper wire. Small wire is used so that a large number of turns can l>e wound in a 
small space. No. 40 wire will safely carry about 1.85 amperes. The cores are lam- 
inated to reduce eddy current effects due to the constantly changing magnetic field. 
The shell type or “closed” core shown in Fig. 309 is used most, because of the small 
amount of magnetic leakage between the primary and secondary. The primary is 
usually placed inside of the secondary, and if both coils are wound in the same direc- 
tion the connecting leads are usually taken off in the order shown. The inside end 
of the primary (P) goes to the plate of the vacuum tube, the outside end (B4-) goes 
to the B4- terminal of the “B” voltage supply. The inside end (F— ) of the secondary 
goes to the negative terminal of the grid-bias voltage source, and the outside end (G) 
goes to the grid. This keeps the grid and plate terminals as far apart as possible, thus 
lowering the effective capacity across the coils. Fig. 310 shows a typical high grade 
transformer removed from its soft iron protective case. The markings which appear 
on the terminals a-f transformers are such as to assist in connecting them up. 
Thus tWe terminal of the primary which goes to the plate of the tube is marked 
The other end, which goes to the B4- source is marked “B-I-”. The end of the sec- 
ondary which goes to the grid of the following tube is marked “G”, and the end which 
goes to the negative terminal of the grid-bias source is marked F— . The connections 
of the transformer in the actual circuit are shown in Fig. 307. 

Since the primary of an a-f transformer consists of a great many 
turns of wire wound on an iron core, it has inductance, and presents an 



Fig 309 — Cross-section and side view, of 
an .a-f transi f'nier, showing the 
relative positions of the primary, 
secondary, core, and terminals 
The termin.als of the windings are 
arranged so that the mmimUin 
capantanre exists between the 
P and G terminals 


Photo Courtesy Pilot Radio k Tu6« Cotp. 

Fig. 310 — A typical a-f transformer and its 
metal enclosing case. Notice the 
substantial core and windings. 
This transformer contains about 
16,000 turns of No. 40 enameled 
wire, which, if stretched out 
straight, would be nearly a mile 
in length. 


impedance or opposition to any variation of the plate current flowing 
through it. Its impedance varies with the frequency of the plate current 
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variations, being much greater when the higher frequency audio signal 
voltages are being received than when those of lower frequency are com- 
ing through. The signal voltage Ei impressed on the tube may be of any 
frequency between 40 and about 5000 cycles, depending on the range of 
frequencies concerned in the reproduction of the speech and music being 
received. Practically, the result is that at the low frequencies at which 
the transformer impedance is low, very little of the total applied plate cir- 
cuit voltage is effective across the transformer; most of it is across the 
tube. At the higher frequencies a greater proportion of it is applied 
to the transformer, because the transformer primary impedance is higher. 
As a result of this, the low notes do not receive as much amplification as 


A b 



FiV 311 — The diatrlbated capacity of the primary and secondary windings on an a-f trans- 
former may be represented by the condensers C. and C2 across these windings 

do the moderate and high frequencies, resulting in distortion of the pro- 
gram. Actually, the high frequencies are reduced somewhat by the de- 
crease of amplification due to the distributed capacity of the windings. 

The frequency response of an a-f transformer having a character- 
istic like this is shown by curve A in Fig. 305. In order to keep the ampli- 
fication up at the low frequencies, the primary impedance must be designed 
to be large at these frequencies, compared with the plate impedance of the 
tube. Since the impedance increases with the frequency, there is no 
difficulty in obtaining the necessary high impedance at the upper audio 
frequencies. The impedance at low frequencies depends upon the induc- 
tance. The larger the inductance the greater the impedance. To get a 
large inductance a large number of turns of wire are required on the 
primary coil, and a core material of high permeability must be used. This 
makes the transformer more expensive of course. 

If the voltage step-up property of the transformer is to be made 
available, the secondary must have more turns than the primary (in a 
3 to 1 transformer the secondary has 3 times as many turns as the pri- 
mary). Let us assume a 3 to 1 transformer. If the primary contains 
enough turns to have the proper impedance necessary to match that of the 
tube, the secondary will have 3 times as many turns and be very large and 
expensive. Also, the large number of turns of wire on both the primary 
and secondary coils will have a large distributed capacity. These will act 
as shunt condensers Ci and C^, across the coils, as shown in Fig. 311. 
Since the reattance of a condenser decreases as the frequency is increased, 
the effect of Cj is to shunt the high-frequency plate current variations 
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away from the primary of the transformer. One effect of this is to par- 
tially reduce the high-note response, since these shunted current variations 
do not produce any varying magnetic field or secondary voltage in the 
transformer. Condenser C^ also has the effect of putting a load on the 
secondary coil, since currents flow back and forth in the circuit consisting 
of this capacity and the winding. The magnetic fields set up by these 
currents as they flow back and forth through the winding, oppose the 
magnetic field due to the primary, and so reduce the primary inductance, 
and the voltage transferred to tube B. The result is that the high dis- 
tributed capacity in either of the windings cuts down the amplification of 
the high frequencies, and since the high-frequency notes are therefore not 
reproduced, distortion results. Curve B (Fig. 305) shows the frequency 
response of a stage of a-f amplification using a transformer of this kind. 
Notice that the response at the low notes has been improved greatly, at the 
expense of the high notes. (One manufacturer reduces the distributed 
capacity by winding the coils in helical fashion.) The size of the second- 
ary coil could be kept down by making a 1 to 1 transformer, but then the 
amplification would be reduced. 

It can be seen that a compromise must be made between primary inductance, 
turn-ratio, and cost. The turn-ratios of modern high grade transformers vary from 
about 2 to 1 to 4 to 1, 3 ¥2 to 1 being a common value. The primary inductance is made 
large enough to reproduce the low notes well, without serious decrease in high-fre- 
quency response due to distributed capacity. Curve C shows the frequency response 
of an a-f amplifier stage using a high-grade transformer. Notice the compromise 
between ’curves A and B. An idea of the characteristics of this transformer can be 
obtained from its specifications: turn-ratio 3 to 1, primary inductance 100 henrys, 
primary resistance 3,700 ohms, primary impedance 19,000 ohms at 32 cycles, 626,000 
* ohms at 1000 cycles under operating conditions. Secondary inductance 900 henrys, 
secondary resistance 10,000 ohms. Referring to Fig. 214, we find that the a-c plate 
resistance of a '27 type tube operated as an amplifier is 9,000 ohms. Therefore, the 
impedance of this transformer is about twice as great as that of the tube at 32 cycles, 
so that about 0.7 of the mu of the tube would be obtained, (mu=r9) at the lower 
frequencies. The amplification per stage, at this frequency would be .7x9X3 = 19 
approximately. 

428. Tranaformer ratio: The effect of the transformer ratio on 
the total amplification of an a-f stage (tube and transformer) is usually 
very misleading. We know from the foregoing discussion that a high- 
ratio transformer is more desirable from the standpoint of transformer 
voltage step-up than one of lower ratio. But the advantage gained by the 
use of the higher ratio transformer depends upon how the higher ratio 
is obtained. Some manufacturers put out a line of transformers of var- 
ious ratios in which the number of secondary turns is the same for all 
transformers. Various ratios are obtained by changing the nunaber of 
primary turns. Thus, their 1 to 1 transformer has equal primary and 
secondary turns. Their 3 to 1 transformer has the same number of sec- 
ondary turns but only one third as many primary turns. Obviously the 
3 to 1 transformer has a higher step-up voltage in itself, but the imped- 
ance of its primary is so low compared to the plate impedance of the tube 
that the amplification of the low-frequency signal voltages ‘is greatly re- 
duced and the low notes are slighted. The amount of amplification lost 
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through this poor match is usually greater than the amount gained in the 
transformer by the higher ratio. With such transformers, it is sometimes 
found that an amplifier using 2 to 1 transformers produces more amplifi- 
cation and better quality of reproduction (due to the higher primary 
impedance) than one using 5 or 6 to 1 transformers of the same make. 

A transformer following a detector tube should necessarily have a 
high impedance primary if high amplification is to be obtained, because 
a vacuum tube has a high plate resistance when connected as a detector. 
If transformers of different ratios are to be used in a two stage amplifier, 
the transformer having the higher primary impedance should alioays fol- 
low the detector tube in order to match its plate resistance better — no 
matter what the turns-ratio is. 

429. Large size transformers and core saturation: The primary 
of each audio transformer has flowing in it, the direct plate current of the 
preceeding tube, varying at audio frequency. It is only the variations 
in the current that are effective in producing voltages in the secondary, the 
steady direct component of the plate current (see (C) of Fig. 275) pro- 
duces absolutely no voltage in the .secondary. It merely produces mag- 
netic lines of force which tend to magnetically saturate the core of the 
transformer and cause distortion due to the decreased inductance of the 
coils. The subject of transformer and choke-coil core .saturation was 
studied in Article 123. If the plate current is large enough so that the 
increases of the plate current when the grid becomes less negative, cause 
the iron to operate over the “knee” of the magnetization curve, then the 
flux change and the secondary induced e. m. f. due to the positive half of 
each signal impulse will be less than those due to each negative half, and 
consequently, distortion of the wave-form of the signal voltage will result. 
The result will be a reduction of the upper half of each plate current rip- 
ple. Also the inductance of the primary is decrea.sed due to the decreased 
flux changes, and less voltage therefore appears across the secondary. 
Since the voltage appearing across the secondary coil is proportional at 
any instant to the change in magnetism in the core at that instant, it is 
evident that the secondary voltage wave-form will be distorted by the 
non-linear characteristics of the iron. This is .sometimes called hysteretic 
distortion, because it is caused by the hysteresis in iron (Art. 99) . Hyster- 
etic distortion, which may cause serious distortion of the wave-form of the 
signal, is not shown by the ordinary frequency-response curves of Fig. 
305. Thus, while an audio amplifier may have a perfect frequency-re- 
sponse characteristic, excessive hysteretic distortion may make it a very 
poor amplifier when operated for the amplification of speech and musical 
frequency voltages. 

Saturation can be avoided by the use of rather large amounts of steel in the 
cores. The increased amount of copper and steel used in modern high-grade audio 
transformers is the result of a study of these factors. Of course, the cost has also 
increased. Some manufacturers use special nickel-steel alloys of very high permea- 
bility for the tr&nsformer cores, in order to obtain a high primary inductance. How- 
ever, the danger of core saturation is greater with these materials on account of the 
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increased magnetic field produced by a given steady plate current and the parallel- 
plate feed circuit is usually employed with them to avoid this. The steady flux is 
decreased by some manufacturers by inserting a small air-gap in the magnetic circuit. 
This also decreases the primary inductance slightly, but helps solve the problem of 
saturation. A solution to this problem is the use of the parallel or shunt feed plate 
supply, connection described in Article 356 . 

430. Parallel-feed plate supply: The trouble arising from the 
effects of the steady direct plate current flowing through the primary of 
the audio transformer can be eliminated by keeping this current out of the 
winding and allowing only the varying a-f signal component of the cur- 
rent to flow through. One way of doing this is by connecting a blocking 
condenser C in series with the transformer primary and supplying the 
steady plate potential to the plate of the tube either through a resistance 



R, as in (A) of Fig. 312, or an audio choke coil L, as in (B). Condenser 
C blocks the passage of steady direct current, but is made of large enough 
capacity (2 to 4 mfd.) so its impedance to the passage of the a-f cur- 
rents flowing through the primary winding of the transformer is very 
low. The resistance R (about 30,000 ohms), or the choke coil L (100 
henries), block the a-f currents (since they offer a high impedance to 
these currents) , but allow the easy passage of the direct plate current. 
The path of the a-f currents is shown by the arrows. This system gives 
slightly lower amplification and increases the cost of the amplifier, but 
presents a means for eliminating the distortion caused by the direct plate 
current. 

431. Clough system with resonated primary: An improvement 
in the parallel-feed method of transformer coupling, known as the Clough 
system, is shown in Fig. 313. The d-c component of the plate current 
flows through a resistance R of about 30,000 ohms (100,000 ohms for_de- 
tector unit) which is connected as shown. The path of the a-c component 
is in the condenser C uiid lower portion (primary) of an auto-transformer 
through the grid-bias voltage supply, to the cathode circuit of tube B, and 
back to tube A, as shown by the arrows. Since the secondary of the auto- 
transformer includes the whole winding, there is a step-up in voltage, 
depending on, the position of the tap. This ratio is usually jnade about 
4.5 to 1. The system is so arranged that when a “B” potential of 180 
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volts is used, the voltage drop through the 100,000 ohm detector plate re- 
sistor is just sufRcient to leave about 45 volts available for the detector 
plate, and the voltage drop through the 30,000 ohm plate resistor is just 
sufficient to leave about 135 volts available for the plate of the first audio 
tube. For tubes drawing different plate currents, different values of plate 
resistors can be used. This system gives a greater effective inductance 
for a given expenditure of copper and iron, due to the absence of the steady 
d-c current in the primary. Therefore, for a given low-frequency re- 
sponse, the primary and secondary turns can be made less in number than 
in an ordinary transformer connected in the ordinary way, thus reducing 
the distributed capacity and improving the high-frequency response. The 





313— Typical 2 stage a>f amplifier arrangement using the Clough resonated primary 
svslem This system can be used both in battery-operated and eleclncaliy-operated 
receiver* 


low-frequency response can be altered at will by using condensers of var- 
ious sizes for C. 

As the reactance of C and that of the primary portion of the auto-transformer 
are opposite in sign, there is some frequency at which these reactances will be equal 
and they will be in resonance At that resonant frequency, large voltages will exist 
across this condenser and primary. At this frequency there will be increased ampli- 
fication, due to this large voltage developed across the primary by the resonance 
currents. It is possible to so select the coupling condenser C, that it resonates with 
the primary at a low frequency which normally is not amplified well, and so increase 
the gain at this frequency to any reasonable desired value, equal to, or greater than 
the gain of the .stage at the other frequencies. It is even possible to resonate each 
stage at a different frequency to give almost any desired shape to the low-frequency 
part of the amplification curve of the amplifier. Curve D in Fig. 305 shows the re- 
sponse curve for a system of this kind in which the proper size of coupling condenser 
C was employed to produce resonance at about 30 cycles, to boost the low-frequency 
amplification For instance, a transformer primary having an inductance of 125 
henries will resonate at about 60 cycles with a condenser C, of about .05 mfd. The 
resistance, coupling condenser and auto-transformer are available in commercial units, 
enclosed in a case with proper terminals. Different units are used for the first and 
second stages. 

As we shall see later, a very good form of adjustable low-frequency 
tone control can be included in this system by connecting a variable re- 
sistor in the resonant circuit. This system can also be employed with an 
ordinary audio-frequency transformer which has a separate primary and 
secondary winding. 
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432. Resistance coupling: The plate and grid circuits of suc- 
ceeding audio amplifier tubes may also be connected together by means of 
a resistor in the plate circuit and one in the grid circuit, — with the grid iso- 
lated from the plate circuit insofar as the direct plate voltage is concerned, 
by a blocking condenser, as shown in the typical three-stage resistance- 
coupled amplifier of Fig. 314. The action in the first stage is typical of all 
the rest. The varying plate current I,, of the detector tube, flowing 
through plate resistor Ri (about 100,000 ohms) produces a varying volt- 
age drop across it equal to IpXRi. Since the voltage of the plate battery 
is constant, this makes the potential of point A vary in exact accordance 
with the plate current variations. Now point A cannot be connected di: 
rectly to the grid of the second tube, as a large positive grid bias due to the 
“B’' battery would thereby be put on it. This uould cause a grid current 
to flow’ and cause distortion, and also probably damage the tube due to the 
heavy plate current set up. It is removed by placing a blocking condenser 
Cl between point A and the grid. If this condenser has good insulation, 
it presents practically infinite impedance to the continuous (or direct) 
voltage, but allows the alternating a-f signal voltages to act around its 
circuit. The presence of this blocking condenser necessitates that the 
grid be connected to the filament through a high resistance R^ in order to 
provide a leakage path for the negative charges which would otherwise 
accumulate on the grid and block the operation of the tube. A negative 
grid bia^ potential for the grid is secured by connecting the lower ter- 
minal of Rj to the negative terminal of the grid bias voltage source. This 
•may be a “C battery or a voltage-drop through a cathode resistor. The 
varying voltage across R, is thus impressed between the grid and cathode 
(through the grid return circuit) of the second tube. The following stages 
are similar, except that different resistor values may be used. 



As there is no voltage step-up in the coupling resistprs, all of the amp- 
lification is produced by the vacuum tubes. This makes it^ necessary to 
■use more stages for a given amount of amplification than when trans- 
former coupling is employed. 
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Theoretically, the plate resistors should be as larpe as possible, for the amplifica- 
tion per stajre i*^ proportional to the ratio of this resistance to the total plate circuit 
resistance. However, this resistance cannot be increased beyond certain practical 
limits, for the voltage effective at the plate of the tube is less than the “B" supply 
voltage by an amount equal to the Ip R drop through the resistor. If the resistor is 
made too large, abnormally high supply voltages are necessary in order to apply 
enough voltage to the plate of the tubes to operate them at the proper points on their 
characteristic curves to prevent distortion. Since the plate resistance of a vacuum 
tube operating as a detector is much higher than when acting as an amplifier, in 
general the plate resistor in the detector circuit should be of higher value than those 
used in the following amplifier stages, in order to effectively match the detector tube 
a-c plate resistance. 

Each plate resistor is a pure resistance, but it has shunted across it, the plate- 
cathode capacitance of the tube (see (A) of Fig. 249). This tends to shunt the 
plate current variations at the high audio frequencies and so reduce the amplification 
at these frequencies. As the plate resistor is increased m value in order to obtain 
higher amplification, the plate-cathode capacity of the tube becomes more and more 
effective as a shunt across it and so tends to reduce the amplification at the higher 
frequencies. So a compromise must be made between “gain” and good high-frequency 
response. 

The blocking condensers can also be a source of serious frequency-distortion due 
to the fact that their impedance varies with the frequency. Thus the impedance of a 
.01 mfd. condenser is about 530,000 ohms at 30 cycles and 5,300 ohms at 3,000 cycles. 
This varying impedance prevents the low-frequency currents from getting through 
as easily to the grid circuit, and being amplified as much as the high-frequency cur- 
rent>. Also, the blocking condenser and grid resistor form a circuit which requires 
a definite time for discharge of the negative charge accumulated on the grid. Unless 
this time constant is sufficiently short, the grid will usually block on strong signals 
resulting m a gurgling sound in the amplifier. This can be corrected in most cases 
by careful choice of the proper plate and “C.” bias voltages. The amplification of a 
resi.''tancc-coupled amplifier can be made substantially uniform for all audio frequen- 
cies, provided the handling capacity is reduced somewhat. The amplifier is' cheap to 
construct and the plate current dram is light, but the plate voltage supply must be 
high. 

Resistance coupling is especially valuable in receivers using screen- 
grid tubes as detectors, or using power detectors. In these, the plate im- 
pedance is too high to permit of proper matching by the primary of a 
transformer of reasonable cost. By using a resistance-coupled audio stage 
following the detector, ver> good amplification and frequency-response 
may be obtained. The same is true when screen-grid tubes are to be used 
in the audio amplifier. 

433. Sizes of resistors and condensers: The plate circuit resistors 
should preferably be at least three times the value of the a-c plate resis- 
tance of the tube. With this value, an amplification of .75 times the amp- 
lification factor of the tube is obtained for each stage. Larger values will 
increase this gain but the increased voltage drop in them necessitates the 
use of high “B"' supply voltages, if normal values of effective plate voltage 
are to be applied to the tubes. Also, the plate-cathode capacity becomes 
more effective in reducing the high-frequency response. The resistors 
must be of high grade and of permanent re.sistance value, able to carry 
the plate current flowing through them without any undue heating or 
change in value. The actual values of these resistors u.sed in practical 
amplifiers, will be shown in the diagrams of such amplifiers later when 
considering the complete battery-operated and a-c electric-operated re- 
ceivers for sound-program and television reception. 
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The size of the couplipg condenser and the grid leak largely affects the operation 
of the resistance-coupled amplifier and its stability and frequency-response. The con- 
denser should be large to avoid loss of low-frequency voltage across it, and the leak 
resistor should be large to cause the voltage drop to be as large as possible. However, 
the condenser will take an appreciable time to discharge through a large leak when 
it is charged up by a strong signal. This will cause the amplifier to block by reducing 
the plate current to zero. The size of both is then limited to a value such as will allow 
the strongest signal to leak off in the time between the highest frequency to be re- 
ceived. This means that the size is a compromise, but it is best to keep the leak 
resistors as high as possible in order to reduce the loss of signal voltage. Since the 
last tubes in the amplifier handle more signal voltage than those up ahead, it is com- 
mon to employ leaks of lower resistance value for the last tube to avoid “blocking". A 
.01 mfd. condenser is usually employed in receivers for broadcast reception and leaks 
from .05 to 5 megohms are used, depending on the conditions of signal strength, etc. 
Resistance-coupled audio amplifiers are used exclusively in television receivers. As 
their requirements for this service are somewhat specialized, they will be studied in 
detail in the chapter on television. 

The blocking condensers should have high insulation resistance, for 
faulty insulation will allow some of the plate potential to leak through 
it to the grid of the next tube, causing distortion or complete inoperation. 



Fig 315 — Left Resistance-coupling unit containing the plate and grid circuit resistors and 
the blocking condenser for a single amplifier stage 

Right Wire-wound form of plate resistor with special end terminals to snap In 
place in the unit at the left. 


Fig. 315 shows a commercial form of resistance-coupling unit consist- 
ing of a Bakelite base which contains the coupling condenser. The plate 
and grid resistors are of the cartridge type held in metal clips which also 
serve as connections. Several units of this kind can be wired up to form 
a complete amplifier. At the right is a wire-wound plate resistor unit 
designed espe.’ially to carry the plate current when high plate voltages are 
employed. All “B” and “C” circuits should be properly by-passed by 
condensers of at least 1 mfd. capacity to prevent interstage coupling in 
them. 

434. Motorboating: When resistance or impedance-coupled 
amplifiers are operated with weak dry batteries or with socket-power 
operated “B” battery eliminators, trouble may arise due to coupling be- 
tween the stages, because of the high internal resistance of these devices. 
This makes itself evident by the .setting up of low-frequency audio-oscilla- 
tions which sound like a motorboat engine, when reproduced by the loud 
speaker. This action is popularly known as motorboating. 

Motorboating can sometimes be eliminated by reducing the internal 
coupling impedance by by-passing all coupling resistances in.the “B” pow- 
er supply with condensers of from 2 to 10 mfd. An audio-frequency 
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choke and lar^e by-pass condenser in the detector plate lead, as shown in 
Fig. 314 usually helps by keeping the detector audio currents out of the 
plate supply unit. Coupling between the detector plate circuit and the 
plate circuits of the audio amplifier tubes is the cause of most motor- 
boating. This coupling takes place due to the internal resistance or im- 
pedances in the “B** batteries or ‘‘B'* eliminator, common to the various 
stages, (see Art. 377). 

Thus in Fig. 316 let the resistance D-E-F-G represent the internal resistance of 
the “B’* batteries or “B” eliminator operating the 3-stage resistance-coupled amplifier. 
The taps at E and F are for securing intermediate voltages. An alternating voltage 
impressed between points 1 and 2 is amplified by the audio amplifier and is then im- 
pressed on the grid of the last tube. This voltage will cause a pulsating audio fre- 




Pia 316 — I. eft How interstage coupling may occur due to the impedance of the R supply 
unit in a multi-stage amplifier 

Right How "motorboating" may be eliminated by means of a resistor* and con- 
densers connected between the R power unit and the radio receiver 


quency current to flow in the plate circuit of the last tube. This current will flow in 
the path D-E-F-G-H-K. This varying audio frequency current flowing through the 
resistances D-E and D-F will cause varying falls of potential across them. This will 
cause these varying audio-frequency voltages to be impressed back on the 
plate circuits D-E-L (detector-tube) D-E-F-M (tube A), and D-E-F-N (tube B). 
These audio-frequency voltages will depend on the currents and the impedances be- 
tween the points DE and EF. This small voltage is again amplified and fed back, and 
if the phase relation of the fed-back voltages E,-,, and Ep.^ is such that the original 
signal IS increased by the feedback, the audio voltage will keep on increasing until the 
amplifier breaks into low-frequency oscillation and gives the characteristic motorboat 
sound. 

If motorboating occurs in a transformer-coupled amplifier, it can usually be 
stopped by changing the phase angles of the voltages Ep^ or Ep,, by reversing the 
connections to the primary of one of the audio transformers 

A simple cure for most cases of motorboating is also shown in the circuit of (B) in 
Fig. 316, whicli wa.s developed by the E. T. Cunningham Co It eliminates coupling 

effects at the low frequencies. It can be built right in the receiver or can he added 

to any existing receiver installation by connecting the resistance R in series with the 
lead connecting the B4- detector terminal on the receiver to the B4- detector terminal 

on the power unit. Condensers Cj and C._. of 2 mfd. each are then connected as shown 

between the B — terminal and the two B4- terminals. It is preferable to locate the 
resistor R at a point close to the receiver, rather than at the power unit. The value 
of the resistance may be anywhere from 10,000 ohms to 100,000 ohms for best results, 
depending upon the characteristics of the receiver and power unit. A variable re- 
sistor is suitable. Since the resistor is in series with the B4- detector lead, a slightly 
higher plate voltage will have to be used to compensate for the IR voltage drop in 
the resistor. 
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435. Characteristics of resistance-coupled amplifiers: One of 

the advantages of the resistance-coupled audio amplifier is that it is com- 
pact and cheap to build and that, for low signal voltages at least, the am- 
plification can be made very uniform over quite a wide frequency range. 
This characteristic makes it especially valuable in television work. Of 
course the gain per stage is quite low unless screen-grid tubes are employed 
(since all the amplification is due to the tubes alone). The “B” supply 
voltage must be increased above the normal value for the tube used, in 
order to compensate for the voltage drop in the plate resistor. The grid 
is always kept negativ’e by the proper grid-bias voltage, as in the case of 
all other types of amplifiers. 

436. Impedance-coupled a-f amplifiers: The impedance-coup- 
led amplifier is similar to the resistance-coupled type just described, ex- 
cepting that the plate resistors are replaced by inductance or impedance 
coils as shown in Fig. 317. Each coil consists of thousands of turns of 
wire wound on a laminated steel core A unit of this type is shown at 
the left of Fig. 318. 

The resistance of these coils to direct current is comparatively low, but the oppo- 
sition or impedance offered to currents of audio frequency is very much greater on 
account of the inductive effect. Thus the direct current component of the plate cur- 
rent IS not opposed very much by the low d-c resistance of the choke coil windings, 
so comparatively lovt “B” supply voltages can be used The impedance offered to the 
a-c component however is very much higher, so that an effective match with the plate 
resistance of the tube is secured if chokes of sufficiently high inductance are used. 
The impedance varies with the frequency just as in the case of the transformer 
primary, so that large impedances must be used if the low frequencies are to be amp- 
lified. The effect of the blocking condenser and grid leak are the same as for the resis- 
tance coupled amplifier 

As no voltage step-up is secured in the impedances, the amplification 
per stage is lower than that of transformer coupling — all the amplification 



being due to the tubes themselves. For this reason, where two stages of 
transformer coupling would provide sufficient amplification, it is common to 
use at least three stages if either resistance or impedance, couplirtlr are 
employed. Any tendency toward motorboating can be removed by the 
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same method shown in Fig. 316. The same design considerations as re- 
gards size of blocking condenser, leak resistor, etc., apply for this amplifier 
as were mentioned in Article 433. 

437. Autoformer impedance coupling: Some voltage step-up in 
the impedance coil can be obtained if it is connected up as an auto-trans- 
former (Fig. 319), so that the plate current flows through only part of 
the winding (usually 2/3). The varying current induces a voltage in the 
remaining part of the winding, and the total voltage is applied to the grid 
circuit of the following tube. The circuit now possesses the voltage step- 
up features of a circuit employing a two-winding transformer, except 
that the blocking condenser and grid leak with their disadvantages are 



Pis 318 — Left Typical irori-cor»' inipt-darue unit fijr Mj'e in inipitl.ince-conpUMl a-f amplifiers 
Rielil Typical auto-tr.in.sfornier for use in :iuio ti .i n''f()nnL*r <«nipling 

still required. Auto-transformers can be built with much less wire and a 
smaller core to handle the same power anti to have the .same ratios as 2- 
winding transformers. By using well designed auto-transformers, pro- 
per blocking condensers and grid leaks, and a high mu tube, a two stage 
auto-transformer coupled amplifier may be built, having excellent fre- 
quency characteri.stics and about the same volume as the ordinary trans- 
former coupled amplifier. It mu.st be remembered that the position of 
the plate tap P is determined by the fact that the portion of the winding 
between P and B must have sufficient inductance to match the plate im- 
pedance of the tube at the low audio frequencies. A commercial auto- 
former unit manufactured especially for ami)lifiers of this type is shown 
at the right of Fig. 318. Notice the three terminals. Here again, the 
same design considerations as regards size of blocking condensers, leak 
resistors, etc., apply for this amplifier as w'ere mentioned in Article 433. 

438. Dual-impedance coupling: Another arrangement which 
has many of the advantages of the ordinary impedance-coupled amplifiers, 
with the additional advantage of giving higher voltage amplification, is 
kno^n as dital-impedance coupling. As shown by a single stage of Fig. 
320, two windings Li and L^, having a 1 to 1 turns-ratio, are arranged 
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on a single core with a blocking condenser connected between them. Thus 
instead of the usual leak resistor we have an impedance-coil leak. An 
e. m. f. is introduced into the leak impedance by the mutual inductance 
between the plate coil and the impedance coil. At the same time they are 
arranged so the capacity between them is very small. The extra voltage 



Pip :U!t — Typical 2-stage auto-transfonner coupled amplifier circuit arrangement 


introduced into the grid circuit makes the total amplification greater than 
for straight impedance coupling, with the advantage that strong signals 
do not block the grid. Very good reproduction is secured if the plate coil 
has an. inductance of at least 100 henries, and a blocking condenser of 
about 0.1 mfd. is employed. In some dual-impedance coupling units, very 
good low-note amplification is secured without using very large coils and 
cores, by so determining the inductance of the plate and grid coils and the 
capacity of the coupling condenser that the entire combination tunes or 



320 Typual dual-impedanoe coupled amplifier circuit. 

resonates at about 30 cycles. The result is that the amplification of these 
low frequencies is unusually good. High-mu tubes are usually employed 
in a dual-impedance amplifier. 

439. -Combination couplings: Amplifiers are often built with 
combinations of the coupling devices described, in order to secure certain 
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desirable characteristics, such as a compromise between the well known 
high “step-up” of one, with the high “quality” and “power handling capac- 
ity” of another. One popular combination has been that of one stage of 
transformer-coupling and two stages of resistance-coupling. Care should be 
exercised in the use of such combinations, in order to secure desirable 
results. The proper relative order of the stages should be considered, to 
prevent overloading. In a combination of transformer-coupling with 
any other type of audio-frequency amplification, the transformers should 
be in the last stages, and the transformer with the highest ratio should 
be the last one. This tends to prevent overloading of the next to the last 
tube. Combination amplifiers also show a decreased tendency to motor- 
boat, since the phase of the transformer stage can be reversed by reversing 
the connections going to either the primary or secondary winding. 



Fig 321 — The signal voltage variations are amplified by the successive amplifier 'stages as 
shown by the succeedingly larger amplitudes of curves A. B, and C 

440. The direct'Coupled Loftin-White amplifier: In the direct- 
coupled amplifier system the plate of one tube and the grid of the next 
are coupled directly through a common resistor — no blocking condenser 
and leak resistor being employed. By eliminating these, grid blocking 
due to strong signals is avoided and the frequency response is improved. 
The problem of coupling the successive tubes in vacuum tube amplifiers 
is largely the problem of causing the plate current variations in the cir- 
cuit of one tube to cause grid potential variations which are as large as 
possible and unaffected by the frequency, in the following tube. Of course 
the proper plate and grid bias voltages must be applied. The so-called 
"resistance-coupled amplifier” discussed in Article 432, a single stage of 
which is shown in simplified form at (A) of Fig. 322, really resolves itself 
into a resistance-capacity coupling by reason of the coupling condenser Cj 
The reactance of this condenser varies with the frequency, and on low 
frequencies this reactance is sufficiently large to cut down the frequency 
response. In this type of coupling also, the effective input capacity C, c 
between the grid and cathode of the second tube will operate substantially 
as a shunt across the leak resistance R, at high frequencies, and will cut 
the response in the upper range. The plate-cathode capacity C^c of the 
first tube actihg across the plate resistor R„ also acts the same way. This 
is larger as the amplification of the tube and associated circuit is increased. 
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The third fault lies in the fact that there is no voltage step-up in the coup- 
ling itself, and thus additional stages are required to secure a desired 
gain. Also, on strong signals there is a tendency for the grid circuit of 
the last audio tube to block due to the accumulation of electrons on the 
grid, and the resulting reduction in the plate current. Direct-coupling 
schemes have been developed to eliminate the coupling condenser and 
grid resistor in order to do away with these objectionable frequency-char- 
acteristics. This means that a direct coupling between the plate and grid 
circuits must be employed. Arnold proposed a scheme shown in simple 
form at (B) in which the coupling condenser and grid resistor were elim- 
inated. The plate of the fir.st tube is conduct! vely or direct-coupled to the 
grid circuit of the next, through the plate circuit resistor R. 

Now let us see what the objections to such a system are. It is seen that a 
common resistance is used in the plate circuit of one tube and the grid circuit of the 
succeeding tube. In such a case, the entire positive plate potential, less the drop in 
the resistance, would be applied to the grid of the next tube. Of course the tube can- 
not be operated satisfactorily as a distortionless amplifier with a high positive grid 
potential, so the “bucking” or “C” battery is used in the grid circuit. .This battery 
must of necessity have voltage enough to cancel the plate battery voltage plus what- 
ever grid bias is required. This would all be very well were it not for the fact that 
in such a circuit the drop across the resistance R, which is common to both these cir- 
cuits, IS not constant. When a signal is applied to the grid of the first tube, its plate 
current rises, and consequently the drop across the resistance is greater. This upsets 
the bias on the grid of the next tube, usually sufficiently to throw the second tube off 
its operating curve. Should the signal get past the second tube, the effect would be 
even greyer in the next stage. Also, in a system of this nature, there is a “drift 
effect”. That is, if for any reason the current through any tube should change, there 
is no provision made to restore the state of equilibrium. Consequently, after it has 
been in operation for a moment or so, the various circuit conditions will drift until the 
* entire system is blocked and no signal can find its way through. Also the battery 
requirements for such a system are impractical. 

E. H. Loftin and S. Y. White reduced the direct-coupled circuit to a 
practical form, eliminating the necessity for the separate “C” battery and 
adapting the entire amplifier for practical a-c electric operation. A 
simplified diagram of the essential arrangement in their system is shown 
at (C). The sources of filament voltages are omitted for simplicity in 
this diagram. A single source of voltage is used in the plate circuit 
(shown by the box), and a single coupling resistance is employed. The 
“B” current flows ifrom terminal Y through the plate circuit of the second 
tube to point T and to N. At point N, the plate current of this tube di- 
vides, part flowing through the resistor from N to M, and back to B— and 
the B' power supply unit. The other part flows up through coupling re- 
sistor Rr to S, and across the plate-cathode path of the first tube to W, 
then down through -esistor R to M — whqre it joins the other part which 
came through the resistor from N to M — and back through the “B” power 
unit. Point M is the most negative point in the entire circuit. The plate 
current taken by the first tube flowing through the coupling resistor R, 
from N to S causes a voltage drop in it, and point S is therefore negative 
with respect to points N and T by an amount equal to this ‘voltage drop. 
Hence the grid of the second tube has a negative grid bias voltage with 
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respect to the center point T of its filament circuit, due to this ingenious 
voltage distribution arrangement. Resistor R,. i.s constant in value, but 
the plate-cathode impedance of the first tube will vary when the signal 
voltage is applied to its grid circuit. There is, therefore, a continually 
varying change in the voltage di.stribution between the plate-cathode path 
of the tube and the coupling resistor R,. when a signal is acting on the 
amplifier. If the jilate impedance is large, the drop across R,. will be com- 



Fig. 322 — Development of the Loftin^White direct-coupled amplifier system. 


paratively small and vice-versa. When a varying signal voltage is ap- 
plied to the grid circuit of the first tube, it causes variations in the plate 
current of this tube; This varying plate current flowing through R^ 
causes instantaneous variations of the voltage drop across it, which are 
impressed between the grid and filament of the second tube, and amplified 
by it. It is evident that the total voltage which must be supplied by the 
B power unit, is equal to the si/m of the effective plate voltages actually 
on the tubes, plus the grid bias voltage (voltage drop in R,.) of the second 
tube. This means that for given type of tubes employed, the B power unit 
in this type of amplifier must be capable of supplying a higher voltage 
than when ordinary forms of coupling are employed. 

The voltage drop from N to M through the total resistor is of course 
the same as the total voltage drop through R,. plus that from the plate to 
cathode of the first tube plus that in R, since these are two parallel cir- 
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cuits. Furthermore, each is equal to the entire B voltage, minus the volt- 
age drop in the second tube. A screen grid tube is usually employed as 
the first tube, on account of its high amplification factor. Since current 
flows from N to M, by tapping the resistor at a suitable point F, a suitable 
positive potential, (with respect to the cathode at W), for the particular 
plate voltage employed, exists across total resistance R-i and may be ap- 
plied to the screen grid of this first tube. Resistor R in the cathode-re- 
turn circuit of the first tube is used as a bias resistor for this. Any tube 
will have a tendency to increase its plate current when a signal is applied 
to the grid circuit. As the plate current of the first tube flows through 
R, the voltage drop across this resistor will tend to increase with the in- 
put of the signal. Grid bias resistor R (50,000 ohms for a ’24 type tube) 
for the first tube, is considerably larger than is commonly employed for 
tubes of this type. There is a definite reason for this. 'The grid return 
circuit of this tube is brought back to point X as shown. Point X is at a 
higher potential than point M by an amount equal to the IR drop in re- 
sistance Rrt. Also point W is at a higher potential than point M, by an 
amount equal to the IR drop in resistor R; or, stating this another way, 
M is negative with respect to W. Now by using suitable values of resis- 
tance for Rs and R, it is possible to make point M more negative with 
respect to W, than point X is positive with respect to M. Then, point X 
will be negative with respect to W and therefore the net bias voltage 
applied, to the grid (which is equal to the difference between these two 
voltage drops) will be negative with respect to the cathode point W. 

Perhaps this may be understood more easily by considering points M, X and W, 
as three men on three different floors of a building, and considering that lower level 
is negative and higher level is positive. Man M is on the grround floor. Say man 
W is on the 10th floor. Then he is positive with respect to M by 10 units. X is on 
the sixth floor. Therefore he also is positive with respect to M, but only by 6 units. 
But at the same time he is 10 minus 6, or 4 floors under W, so he is negative with 
respect to W by 4 units. 

In this way, a negative grid bias voltage is applied to the first tube 
and the grid is kept at practically a constant negative value irrespective 
of the signal input. Any drift effect is also compensated for by this 
method. The action taking place is very important. 

Referring to the diagram at (C), it will be seen that when, for any reason, an 
increase occurs in the plate current of the first tube, the bias voltage on the second 
tube increases automatically due to the greater voltage drop in R,. This causes a 
decrease in the plate current of the second tube. This latter plate current constitutes 
the major portion of the current through the resistor from N to M, so that when it 
decreases, the voltage drop in the resistor Rj decreases. Therefore the net grid bias 
voltage applied to the first tube increases, tending to keep the plate current of this 
tube constant. This is the important regulation feature of this circuit. 

A condenser Cn, is connected between the cathode of the screen grid 
tube and a point H on the voltage divider resistance. The object of this 
is to introduce a varying hum component voltage into the grid circuit of 
the tube, of just equal value and opposite phase to that introduced by the 
varying voltage drop across R caused by any ripple in the plate current, 
so as to neutralize it and prevent hum. The amount of neutralizating 
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hum-frequency voltage thus introduced, is varied by an adjustable slider H, 
arranged to be moved along the resistor until no hum appears in the signal 
output. Under this condition, the varying voltage drop across R due to 
the ripples in the plate current, are just equal at every instant to the hum- 
frequency variation in the voltage drop from H to M. Connecting the 
condenser as shown, makes these hum voltages oppose and neutralize each 
other in the circuit between the terminals, at every instant. This hum- 
bucking arrangement is very effective and important and may be applied 
in any form of amplifier circuit. It enables satisfactory hum-free opera- 
tion to be obtained even when rather poor filtration exists in the “B” 
power supply unit, thereby reducing the size and cost of the filter neces- 
sary in this unit. By-pass condensers Ci, Cj and C3 are connected across 
the various resistors to prevent undesirable coupling which might take 
place. 

The advantages of the use of this system are cheapness, low weight, 
low bulk, high gain and the fact that any frequency can be handled with 
practically no frequency discrimination or wave-form distortion. The 
amplifying possibilities are limited only by the amplification constant of 
the tubes. Of course it is advantageous to use a screen grid tube with 
its high amplification. Due to the high amplification produced, the output 
tube chosen must have sufficient capacity to handle, without distortion, 
what the system will apply to it. The output tube is merely a coupling 
tube between the amplifier and the loud speaker. It must be built to 
handle power. Even with a single screen-grid tube ahead of it, a large 
size power tube such as the ’50 type should be used in the last stage if the 
large amplification of the screen-grid tube is to be used. Otherwi.se the 
input or the amplification of the first tube must be materially decreased 
in order to prevent overloading of the last tube. Usually, lower voltages 
must be employed on the screen grid tube than are specified in the table 
of Fig. 214, simply becau.se of the limited grid-swing which the following 
tube can handle. Thus, when a ’24 type tube is followed by a ’45 type, 
since the ’45 type can only handle a signal voltage of about 40 volts on its 
grid, the plate, grid and screen voltages used on the proceeding ’24 type 
tube must be less than if, say, a ’50 type tube followed. The plate cur- 
rent of the ’24 tube under the conditions of operation existing in the usual 
amplifier of this type is only a few microamperes. 

Heater types of amplifier tubes are more convenient in the utilization 
of the voltage distribution existing in the direct-coupled amplifier because 
the cathodes of the various tubes are independent of each other. With 
filament types of tubes, the filaments of all the tubes are connected to- 
gether in the “A” supply, and .so it is difficult to apply the voltage distri- 
bution system outlined herein. When applying this system to a practical 
amplifier operated from the a-c electric light circuit, several precau- 
tions are ne6essary in the design. 

For instance, even though the filaments of the tubes employed are all designed to 
operate at {he same voltage, say 2.5 volts, it is necessary to operate the filament of the 
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power tube from a separate 2*/* -volt winding of the power transformer. Any attempt 
to run this filament from the same 2^/^ -volt winding that operates the heaters of the 
other tubes will result in trouble. The cathodes of the rest of the tubes are practi- 
cally at ground potential, or at best, at only a small bias above ground. If, then, we 
proceed to connect their respective heaters on to the power filament winding, we will be 
placing the same high-voltage-to-ground on to the heaters of these other tubes as we 
have on the filament of the power tube. This high voltage to ground on the heater 
IS liable to brepk down the insulation between it and cathode, which is practically 
grounded since it is only at a small potential above the ground point M. Such break- 
downs will ruin reception and the tube. This point is important. Even if this insu- 
lation were perfect, there is still another trouble which necessitates the separation pre- 
caution. The heater, though only used for its heat, can also be a plate circuit for 
the electrons given off from the heated cathode. The number of these electrons reaches 
a real value when the heater becomes positive with respect to the cathode, the condi- 
tion IS excessive when this heater is allowed to reach any such value as say 180 volts 
positive with respect to the cathode, which it might reach in an actual amplifier. This 
current would result in fictitious bias voltages in both the power tube and the cath- 
ode circuit of the first tube. Consequently in all amplifiers of this type, the filament 
voltages for the individual tubes are supplied by separate windings on the power 
transformer. 

The direct-coupled amplifier has perhaps found its greatest applica- 
tion in public-address work for amplifying the output of microphones, 
phonograph pickups, or talking moving picture equipment. Commercial 
units for this purpose are described in Arts. 547 and 548 in the chapter on 
Sound Amplifier Systems. By proper design, it is possible to build 
a two-stage amplifier having a voltage gain of 450 or more. The 
frequency response may be made flat from 30 to about 7,000 cycles. At 
higher frequencies, it begins to droop due to the plate-cathode capacity 
of the input tube and the grid-cathode capacity of the output tube acting 
•across the coupling resistor, but the response can be made uniform to about 
10,000 cycles by employing special forms of neutralization. The output 
stage may be made of the push-pull type for greater signal-handling capa- 
city as we shall see later when discussing power amplifiers. 

441. The last audio stage: Every vacuum tube has a certain 
definite operating range over which its Eg - characteristic is fairly 
straight, and over which changes produced in th^ plate current are pro- 
portional to the changes in voltage applied to the grid circuit. If the 
signal voltage is small enough so it produces grid potential swings which 
cause the tube to operate wholly over this part of its characteristic, and 
which do not make the grid positive at any time, the amplifier tube itself 
will not cause noticeable distortion. Now in an audio amplifier, or a 
radio receiver as a whole, the signal voltage is being amplified in each 
stage, somewhat as shown in Fig. 321. Assume that the signal e. m. f. 
input to the first amplifier tube is represented by curve A. After pass- 
ing through the first amplifier stage the amplified voltage applied to the 
second stage is as shown in curve B. If it passes through still another 
stage it becomes stronger, as shown in curve C. Since each stage ampli- 
fies the voltages more, the amplitude of the signal e. m. f.^may become 
so great by the time it is impressed on the grid of the last audio tube that 
it may either swing the grid potential beyond the linear portion of the 
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characteristic curve — see curve E at (B) of Fig. 244 — and therefore in- 
troduce distortion of the wave-form, or it may exceed the grid bias and 
cause distorting grid currents to flow while the grid is positive. This 
may take place even though the correct plate and grid bias voltages are 
being applied to the tube. It is simply a case of overloading of the tube, 
resulting in distortion of the wave-form of the signal. Overloading of the 
radio-frequency amplifler tubes rarely occurs, as the input signal voltages 
existing in it are small. Overloading of the tubes in audio amplifiers is 
common — especially in the last or “output stage”, and has led to the 
development of special tubes known as power tubes, designed to have a 
characteristic curve which is sensibly straight for comparatively wide 
swings of grid potential (when proper load impedances are used). They 
are therefore able to handle larger signal voltages without overloading 
and distortion. (Note: The student is advised to review Arts. 340 to 344 
at this point.) 

It will be instructive at this point to study the characteristics of the 
various power tubes listed under the heading power amplifiers, in Fig. 
214. By referring to the grid-bias voltage column, an idea of the signal 
voltage amplitude, which each tube can handle without driving the grid 
positive, may be seen. (The maximum permissable grid voltage swing in 
either direction is equal to the negative grid bias voltage.) Notice that 
the large ’50 type power tube can handle an 80-volt grid voltage swing, a 
’45 type can handle 48.5 volts and the ’47 type power pentode tube can 
handle 16.5 volts. However, for a given output the pentode does not need 
as large an input signal voltage as the others, since it has a greater “power 
sensitivity”. Referring now to the column marked “maximum undistort- 
ed output in milliwatts,” the relative output powers which these tubes can 
handle without distortion, is seen. For ordinary home use, the ’45 and 
’47 type tubes are popular for the last audio stage. For powerful ampli- 
fiers and other special purposes the ’50 type tube is employed, since it is 
capable of handling a greater signal voltage and can supply a greater 
amount of undistorted power to the loud speaker. Where more handling 
capacity than a single tube can provide, is required, it is common to con- 
nect two output stage tubes in push-pull in order to divide the load. This 
is often an advantage instead of using a tube having a larger watts rat- 
ing, for as will be seen from Fig. 214, the higher the rating of a power 
tube, the higher the plate voltages and currents it requires. This greatly 
increases the cost of the B power supply unit required, so it is usually 
much cheaper to use two of the smaller tubes in push-pull instead. This 
connection will be studied later in Art. 447. 

442.. Power tubes: Since the function of the last audio tube or 
tubes in a radio receiver is not only to amplify the signal voltages applied 
to the grid circuit, but also to supply as much undistorted electrical power 
to the loud speaker as possible with a given input signal, power tubes are 
designed with special characteristics suitable for this purpose. It is the 
electrical power which the power tube supplies to the loud speaker that is 



AUDIO AMPLIFICATION 


651 


converted into sound by the speaker. In this respect, the requirements for 
tubes used in the output stages of radio receivers differ from those used 
in the other amplifier stages, since the latter are not called upon to supply 
power, but merely to amplify signal voltages applied to their grid circuits. 
It will be seen from Fig. 214, that tubes having various output power 
ratings are available. Those used in battery-operated receivers employ 
rather low plate voltages and pass low plate currents, so their power 
handling capacity is in general much less than the tubes designed for use 
in a-c operated receivers where higher plate voltages are more economi- 
cally available. Since the large power tubes such as the ‘45, '47 and '50 
type must handle quite large plate currents, they are constructed larger 
than the others in order to dissipate the heat developed in them. A sum- 
mary of the undistorted power outputs of some popular power tubes is 
given in Fig. 336. 

In the case of the three-electrode tubes, the larger power handling capacity is 
obtained at the expense of amplification factor, since in order to design a tube of 
this type with low plate resistance, the relative spacing between plate and filament, 
and grid and filament, is reduced so the amplification factor is less, as explained in 
Article" 314. Thus, it will be noticed from Fig. 214, that while an ordinary general- 
purpose amplifier tube of the *27 type has a mu of 9 and a plate resistance of 9,000 
ohms, a small power tube like the '71 type has a mu of only 3 and a plate resistance 
of only 1850 ohms. The larger ’50 type tube has an amplification factor of 3.5 and a 
plate resistance of 1850 ohms. By means of the live-electrode pentode tube con- 
struction, (see Articles 317 to 320), whereby the secondary emission is effectively 
reduced, a much higher amplification factor is obtained, but the plate resistance is 
also high.* Thus, the ’47 type pentode tube has a mu of 90 and a nominal plate 
resistance of 35,000 ohms. 

443. Maximum power output: The power output of a power 
•tube is measured in w^atts or milliwatts, whereas the voltage output is 
measured in volts. The voltage output might be very high, but if the 
plate current were small, the power output of the tube in watts (voltsX 
amperes) would still be small. Let us consider the circuit of a tube sup- 
plying power to a load of some kind connected in its plate circuit. This 
might be the winding of a loud speaker as at (A) of Fig. 323, or the pri- 



Fig. 323— Arrangement of the plate circuit of a power tube supplying power to a device 
connected in its plate circuit The essential parts of the circuit are shown in 
schematic form at (B) 


mary of a speaker-couplii.jj transformer as at (B) of Fig. 325, etc. A 
signal voltage having an “effective” or r. m. s. value of e^ is applied to its 
grid circuit. At (B) of Fig. 323, the plate circuit of the tube is drawn in 
the simple schematic form which we found helpful in previous tube discus- 
sions. The r. m. s. signal voltage acting on the grid is replaced by the 
a-c generator whose voltage is ne,, acting directly in the plate circuit. 
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where n is the amplification constant of the tube. The internal a-c plate 
resistance of the tube is represented by Rp and the impedance of the plate 
circuit load is Rl. 

We must remember, that it is the current changes or variations due 
to the signal which supply the motivating power to the loud speaker and 
cause motion of its diaphragm. A steady direct current sent through the 
speaker coils would produce no motion or sound, no matter how large it 
was. The amplitude of the current changes in the plate circuit will be 
equal to the amplified voltage changes (^6^) acting in the plate circuit, 
divided by the total resistance and impedance in the plate circuit, thus : 

Varying plate currents 

Rp+Rl 

The varying voltage acting across the load is equal to the load imped- 
ance multiplied by the varying current through it, that is, 

p Cj Ri. 

eL= 

Rp+Ri, 

The power in watts (W=ExI) expended in the load impedance is 
therefore equal to the product of the r.m.s. values of current and voltage. 
Therefore the power output is : 

P Cg Rl (Ji e, Rl Cg* 

Power output = X = 

Rfi+Ri, Rp-f-Ri, (R|i+Ri.)* 

This equation is fundamental for all vacuum tubes, assuming the tube to 
be operating on the straight portion of its characteristic, i.e., that the 
plate and grid voltages are properly adjusted. It can be shown, both 
mathematically and experimentally, that the power output for any given 
signal input voltage is a maximum when the a-c plate resistance Rp and 
the load impedance Rl are equal. Under this special condition, the equa- 
tion for maximum power output reduces to : 

9 ^ *» 

\k^ee‘ 

p= . 

4Rp 

Note: The dissi^pation of maximum power in one of two resistors or impedances 
connected across a source of voltage may be illustrated by the simple case of a battery 
of internal resistance Rp, with external resistance Rl connected across its terminals 
as shown at (C) in Fig. 323. If the external resistance were made equal to zero, the 
battery would be short-circuited. The available potential difference at its terminals 
would be zero under these conditions and all the power would be dissipated in its 
internal resistance, producing heat there. Under this condition, the useful output 
power is zero. If the external resistance is made very large, the current is small, 
and consequently the useful power in the resistance is small. If the resistance is 
now decreased in value in steps, a point will be found where the power of the battery 
is equally divided between the external resistance and its own internal resistance. 
This takes place when the external resistance and its own internal resistance are 
equaL’ This same condition holds true in a vacuum tube or in any circuit in which a 
source of e. m. f. supplies power to a load. 
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If the above equation is to be expressed in terms of maximum or 
peak signal voltages, then remembering that the effective value of a volt- 
age or current equals .707 times the maximum value, or equals the maxi- 
mum value divided by the square root of 2, this expression becomes; 

P= 

8Rp 

Where P is the maximum power output obtainable when a signal voltage 
having a peak value of Eg is applied to the grid circuit of the tube. 

The power which is fed into the load resistance must come from the 
B-voltage source, because the tube itself does not generate power. It 
merely acts as a sort of valve in which the variations in signal voltage 
applied to the grid circuit allow more or less power to be drawn from the 
"B” voltage source and expended in the plate circuit. Working on the 
above basis, we can conclude that a ’45 type tube for instance, which has 
an a-c plate resistance of 1750 ohms, will supply maximum output for any 
given input signal voltage, when the load resistance is 1750 ohms. A ’50 
type tube having an a-c plate resistance of 1800 ohms will supply maxi- 
mum power to a load resistance of 1800 ohms, and so forth. 

444. Maximum undiatorted power output: In radio circuits we 
cannot consider merely the power output of a tube, for the problem of dis- 
tortion is, of equal importance. Numerous tests have shown that a limit 
of about 5 per cent may be set upon the distortion permissible in a power 
tube circuit. Distortion under this value will not be noticeable by the 
Average human ear. Now we found at (A) of Fig. 210 that the behavior 
of a vacuum tube is such that the operating characteristics are somewhat 
affected by the load impedance, a low impedance shortening the straight 
portion of the characteristic by causing it to curve more. This occurs, 
and distortion is introduced, if a load impedance as low as the plate resist- 
ance of the tube is used. It has been experimentally determined that the 
maximum undistorted power output of the tube is obtained for any given 
input signal voltage, when the load impedance is equal to about twice the 
plate resistance of the tube when the plate current is at its peak value. 

El-' 

The power output when R[=2R| becomes P= . This is very little 

9R„ 

less than the maximum power of the previous equation. The result is in 
watts if Eg is the peak value of the signal voltage in volts applied to the 
grid. This voltage is limited to a value approximately equal to the grid 
bias voltage, if tube overloading is to be avoided. Even with the load im- 
pedance equal to twice the tube resistance, there is considerable curvature 
at the bottom of the characteristic. Therefore, input voltages high 
enough to make the plate current too low must not be applied, for the 
lower bend may be. reached at signal voltages which are not ^ven nearly 
strong enough to drive the grid positive. In the case of pentode power 
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tubes, since the plate voltage-plate current curves are not parallel through- 
out the operating range of the tube, it should be remembered that the a-c 
resistance of the tube should be considered when the plate current is at 
its peak value. Thus a pentode tube whose a-c plate resistance at its 
normal operating point is say 40,000 ohms, may have an a-c resistance 
of only 5,000 ohms at the peak value of a grid swing so that the load im- 
pedance for maximum undistorted power output is 5,000 X 2, or 10,000 
ohms and not 80,000 ohms as might be supposed. 

The *47 type pentode tube has, compared with a .‘3-electrode power tube, quite a 
high a-c plate resistance at normal grid potential, yet for maximum undistorted power 
output it should work into a load impedance of about one-fifth this normal rated a-c 
plate resistance. Since no usable load such as a speaker circuit can have a constant 
output impedance, and as speaker impedances actually rise with frequency, the output 
of the pentode will increase with frequency. This is a particularly desirable char- 
acteristic in a very selective radio circuit, such as a superheterodyne, where con- 
siderable high-frequency suppression, in the form of sideband cutting, may exist if a 



LOAD IMPEDANCE 

plate impedance of tube 

Fi» 324 — Curve showing how the ratio of the lo.id imp«*dan»'e to the pliite impedance (or a-c 
plate re.sistance) of the tube affect.s the total i>ou'>r output of the tube, for a 
given input 

high order of selectivity is to be realized. The output rising as frequency increases, 
with the pentode, provides excellent compensation in such a circuit — not enough in 
itself it is true, but sufficient to simplify con.siderahly Iho problem of complete 
equalization when coupled with an audio amplifier and speaker of corrected design. 
It actually permits an extremely selective and well designed superheterodyne to be built 
to show a flatter audio response curve up to over 4,00U cycles than has in the past 
been possible even with the best of t-r-f receivers. Quite some mismatching of the 
load impedance with the a-c plate resistance is permissable, provided the former is 
greater than the latter. The curve in Fig. 324 indicates relatively in decibels, (according 
to the way the ear would be affected), how the total power in the load, (not undis- 
torted power), varies as the ratio of the load impedance to the tube’s a-c plate resistance 
is changed. The “X” on the curve indicates where a tube is normally operated, the 
load impedance at this point being twice the a-c plate resistance. Statements are fre- 
quently made to the effect that the loud speaker used must be matched to the tube 
to get the largest amount of undistorted power into the loud speaker. Such is the 
case, but the curve indicates that there can be considerable mismatching without 
serious loss of power. For example, even when the load resistance is about five times 
greater than the lube’s resistance, there is only a 2 DB loss — a loss which would 
hardly be noticeable to the ear. 

It is unwise, however, to work a tube into a load resistance less than its own a-c 
plate resistance, because under such conditions the tube’s characteristic is curved and 
this curved characteristic introduces distortion due to harmonic frequencies generated 
by the tube. 

Now it is evident that since the conditions for maximum power out- 
put and maximum undistorted power output are different. If the tube is 
actually operated with a load whose impedance is equal to twice its plate 
resistance in order to obtain maximum undistorted output, the maximum 
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amount of power it is capable of putting into the load for any given signal 
voltage, will not be obtained. Actually the power is reduced about 11 
per cent. 

Actually a decrease in power output of 25 per cent would be just noticeable to 
the ear and therefore a decrease of 11 per cent will not cause trouble. Circuits using 
power tubes are therefore designed on the basis that the load resistance will be equal 
to twice the a-c plate resistance of the tube. This condition is always assumed in 
plotting tube characteristics and in all tables of tube characteristics will be found a 
column headed, “Maximum Undistorted Power Output” which indicates the power 
output of the various tubes when they are worked into a load resistance equal to 2Rv 
(two times the plate resistance). 

Power tube distortion is more prevalent at the low frequencies than 
at the higher ones. One reason for this is that since there is greater 
energy in the low notes, the grid potential is swung further when a low 
note is being received than when a high one comes in, causing overloading. 
Also, the loud speaker winding has impedance which varies with the fre- 
quency. becoming low at low frequencies. In some cases this may become 
lower than the tube resistance, with resulting distortion due to curvature 
of the characteristic. The solution of course is to use a power tube which 
is able to handle the greatest input signal voltages which will be encoun- 
tered. Preferably, it should also have a low internal a-c plate resistance 
so that the load impedance will, at the lowest audio frequency received, 
be larger than the a-c plate resistance of the tube. 

445. Impedance-adjusting methods: The fact that the actuating 
winding of the usual loud speaker is not a pure resistance, but is really 
an inductive reactance (capacitive reactance in the case of the condenser- 
J;ype speaker), complicates the problem of efficiently connecting a loud 
speaker to a tube. Since the impedance of a loud speaker varies with the 
frequency, w-hat we do in practice is to pick some impedance which gives 
a good characteristic and work out the necessary design of the remainder 
of the circuit using this value of impedance. In working with most mag- 
netic type speakers tor example, we assume that the effective impedance 
is about 4,000 ohms, although actually tl e impedance varies from about 
2,000 ohms up to 30,000 ohms, or so. Since the a-c plate resistance of most 
pov.-er tubes (see Fig. 214) is in the neighborhood of 2,000 ohms, the 
speaker impedance of 4,000 ohms is just suitable for the condition of 
maximum undistorted output. However, as we shall see, an output filter 
device is sometimes used between such a speaker and the tube to keep the 
direct plate current of the tube out of the speaker winding. 

The moving-coil system of the modern electro-dynamic loud speaker 
has a very low impedance, usually around 10 or 20 ohms. This raises the 
problem of how we can vv rk such a loud speaker out of ordinary power 
tubes which usually have an a-c plate resistance of about 2000 ohms, and 
still get a large amount of undistorted pDwer output for any given input 
signal voltage. This difficulty is solved by the use of a transformer which 
has the very useful characteristic of permitting us to make a 10-ohm 
moving-coil act as’ though its impedance was 1000 or 5000 ohms, or any 
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other impedance we might choose. How this is accomplished will now 
be shown. 

A general expression may be derived for the turns-ratio of an “im- 
pedance adjusting” or “matching” transformer for coupling a source of 
power and a load in the most efficient manner, for any circuit conditions. 

Thus m (A) of Fig. 325, let E, be the voltage applied to the primary of the 
impedance adjusting transformer T by the source of power G, whose internal imped- 
ance IS Ro Let the load, whose impedance is R,, be connected to the secondary wind- 
ing as shown. Let Np be the number of turns on the primary winding and N. the 
number of turns on the secondary. Now to obtain maximum power transfer from 
the generator G to the primary of the transformer, Rr. must equal Rp. This then deter- 
mines the design of the primary winding. The power which the primary takes from G 
is converted by means of the magnetic field into power in the secondary winding, so 
that the secondary really becomes the source of power for the load. For maximum 



•Fi|r 325 — Use of a transformer with proper primary impedance and impedance ratio as an 
impedance adjustinft transformer 


power transfer from the secondary to the load, the impedance of the secondary must 
equal that of the load, that is, Rt equals Rl. Let L and !■ be the primary and sec- 
ondary currents respectively. Then, by simple transformer action we have, 

N. E. 

= ( 1 ; 


Np Ep 

N. Ip 

and, zi: 


(2) 


Np I. 

multiplying the left hand parts of the two equations together, and doing the same 
with the right hand side will not change the equality. Doing this we obtain, 

N. N. E, U E. Ip 


v V' V 

Np Np Ep ' I. I. Ep 
Now in each case, E/IzrR. Therefore this reduces to. 



(3) 


That is, the ratio of the two impedances equals the square of the ratio of the turns. 
This relation greatly simplifies the problem of determining the turns ratio required 
to adjust the impedances of any two circuits for satisfactory operating conditions. 

Let us now apply this to a practical tube problem. Suppose a ’45 
type tube has a plate resistance of 2,000 ohms and is to supply power to a 
moving-coil loud speaker, the effective impedance of the moving-coil being 
10 ohms. The circuit arrangement is shown at (B), of Fig. 325. For 
maximum undistorted power output for any given signal voltage, the load 
impedance should be twice that of the tube, or 4,000 ohms in this case, since 
the source is the amplifying tube. In this case, the primary of the imped- 
ance-adjusting transformer forms the load for the tube, so its impedance 
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is to be 4,000 ohms. We want to work into a loud speaker whose im- 
pedance is 10 ohms. For maximum power transfer from the secondary 
to the loudspeaker, their impedances should be equal. Therefore the 
impedance of the transformer secondary should be 10 ohms. Hence, 
from equation (3) we obtain: 

Rs 10 1 

turns ratio-= — = 

Rp 4,000 400 

from which, the turns-ratio equals 1/20 or .05. This means that, if we 
take our 10 ohm loud speaker winding, and connect it to the secondary of a 
1 to 20 ratio transformer, which has enough turns on the primary so its 
impedance is 4,000 ohms, then the primary may be connected in the plate 
circuit of the 2,000 ohm power tube and the entire circuit will operate 
just as though the loud speaker had an impedance of 4,000 ohms, (the cor- 
rect load impedance for a 2,000 ohm tube) and was connected directly in the 
plate circuit, as shown at ((J). It will be noticed that the “impedance 
adjusting” or coupling transformer ratio has been referred to in the same 
way as for ordinary transformers, i.e., the ratio of the secondary to the 
primary turns. The source of power fed to the impedance-adjusting 
transformer is called the “source”. The device into which the secondary 
feeds the power is called the “sink”. It is evident then that the impedance- 
adjusting transformer is simply a device designed so its primary absorbs 
power most efficiently from the source, and its secondary delivers this 
power (which is transferred to it by electromagnetic induction from the 
primary) most efficiently to the sink. The primary of the coupling trans- 
former for loud speakers should be wound with sufficient primary turns 
so its primary impedance is equal to 2 times that of the a-c plate resistance 
of the power tube at the lowest frequencies to be received, provided this val- 
ue of the impedance is practical from the point of view of cost and distri- 
buted capacity of the winding. The value is really not critical. In the 
case of the push-pull connection of audio output tubes, the plate resist- 
ance of the two tubes combined is equal to twice that of one tube alone, 
(see Art. 447). Therefore, the load impedance should be made equal to 
twice this, i.e., equal to 4 times the a-c plate resistance of one tube. 

Impedance “adjusting” transformers are used extensively in radio 
and telephone work for coupling power tubes to loud speakers, for coup- 
ling phonograph pickups to inputs of amplifiers, for coupling power tube 
outputs to low-impedance lines and then coupling the low impedance lines 
to higher-impedance lines or loud speakers, etc. We will study some of 
these applications in our la'^er work. In any case, the design of the coup- 
ling transformer is arrived at in the same way as has been explained 
here. 


446. Output coupling systems: There are in general, three main 
types of loud speakers in common use. These are, the electrostatic or 
condenser type; the coil type; and the permanent magnet movable-arma- 
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tyre or diaphragm type. The coupling of the condenser type to the power 
output tubes of a radio receiver presents a special problem which will be 
considered when that type of speaker is studied. The moving coil type 
commonly known as the electro-dynamic speaker employs a moving coil 
of such low impedance (10 ohms or so) that an impedance adjusting trans- 
former must always be employed to couple it to the plate circuit of the 
power tube for satisfactory power transfer. This is true for both the 
electro-dynamic and permanent magnet dynamic types of speakers. As 
this system has already been discussed in Article 445, and shown in Fig. 
325, it will not be considered again here. In speakers which employ p,e.r- 
manent magnets for producing the steady magnetic field, there are usually 
one or more coils of wire through which the signal current flows. 
These produce variations in the main magnetic field of the permanent 
magnet and the construction is arranged so that this varying field moves 
an iron armature or reed, whose motion is transmitted to the diaphragm 
or cone which produces the sound waves. This type of speaker is com- 
monly referred to as the “magnetic speaker” although a moving coil 
speaker is also a “magnetic speaker”, properly speaking. The problem 
of coupling this type of speaker to the output power tubes of a radio re- 
ceiver presents several problems which we will now consider. 

The coils on these magnetic type speakers must have a large number 
of turns of wire, (two or three thousand turns), in order to provide a 
field w’hich will be effective in causing m.otion of the armature or reed. 
Since the variations in the plate current of the last audio tube are not 
very great, when considered in terms of amperes, these coils must have a 
large number of turns of wire in order to have an effective number of 
ampere turns. In order to use the large number of turns required for 
proper operation and sensitivity, it is necessary to use very small, enamel- 
covered copper wire, since only a very limited space is available for the 
windings. The very fine wire employed is usually unable to continuously 
carry the direct plate current of the larger sizes of power tubes without 
undue heating and eventual burn-out. Therefore some means must be 
provided to keep the total direct plate current out of the speaker windings 
if it is more than about 10 milliamperes, and allow only the variations or 
a-c signal component to act on them. The steady direct component of the 
plate current does not produce any motion of the diaphragm anyway, so 
it can be kept out of the .speaker. It is only the audio-frequency varia- 
tions in the plate current which produce the motion. Another reason for 
keeping out the direct plate current, is that this current may be made to 
flow through the speaker windings in either one of the two directions de- 
pending on how the speaker terminals are connected in the plate circuit. 
With one arrangement the direct plate current flowing through th(^ coils 
produces a steady field in such a direction as to aid the magnetism of the 
permanent magnet. However, if the speaker terminals are connected in 
the opposite- order, the field will buck that of the permanent magnet con- 
tinuously and weaken it. The possibility of connecting it in the latter way 
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is another reason for keeping this current out of the speaker winding. 

Another reason is that this current flowing through the winding pro- 
duces a field which deflects the armature or reed from its neutral position 
and thereby makes it much more liable to strike the pole pieces of the 
magnet when strong signals are being received, resulting in “rattling”. 
This condition is neither necessary nor desirable. 

There are in general two common methods of keeping the direct com- 



Fljj 326 — Three loudspeaker coupling systems for keeping the steady direct component of 
the plate current of the tube, out of the fine-wjre loud speaker winding. 


ponent of the plate current out of the speaker winding. In the first, a 
coupling transformer is employed; in the second a form of choke coil- 
condenser coupling is used. The first method is shown at (A) of Fig. 
326. Here a coupling transformer commonly called an output trans- 
former is employed with its primary connected in the plate circuit of the 
^output tube and the loud speaker connected across its secondary. Since 
the induced voltages in the secondary are produced only by the variations 
in the plate current, the output in the secondary is an alternating voltage 
and current and is not affected by the direct component of the current 
through the primary. The objectionable operating conditions described 
above are thereby eliminated by its use. 

Accurate data on the impedance characteristics of all types of mag- 
netic and dynamic speakers is not available, but the usual type of mag- 
netic speaker has a coil winding having a d-c resistance of from 1,000 to 
2,000 ohms with an impedance which varies from that value at zero fre- 
quency (d-c current flowing through the windings), to a value of about 
2,500 ohms at 100 cycles, 5,000 ohms at 300 cycles, 10,000 ohms at 750 
cycles, 20,000 ohms at 1750 cycles and up to 30,000 or 40,000 ohms at the 
higher frequencies up to 5,000 cycles per second. These high values of 
impedance for this type of loud speaker unit are due to the comparatively 
high inductance of the wi. ding which is made up of a large number of 
turns. Now we found in Article 444 that for minimum undistorted power 
output from a 3-electrode vacuum tube the load impedance should be equal 
to about twice the a-c plate resistance of the tube. If a power amplifier tube 
having an a-c plate resistance in the neighborhood of 2,000 ohms is employ- 
ed, the impedance of a speaker of this type will be fairly well matched to the 



660 


RADIO PHYSICS COURSE 


plate resistance of the tube to fulfill this condition for maximum undis- 
torted output, and the coupling transformer may have a 1 to 1 impedance 
ratio, i.e., it has a turns-ratio of 1 to 1. As we are not limited by space 
considerations in the size of wire used in the primary of such a trans- 
former, it can be designed to have sufficient carrying capacity to elimin- 
ate danger of burnout due to the flow of the plate current of the power 
tube. However, since this direct plate current tends to produce .saturation 
of the core, the cores of such transformers are usually provided with a 
suitable air-gap. If a speaker of this type is to be fed from a power 
amplifier tube having a plate resistance in the neighborhood of 4.000 ohms 
or more, it is evident that in order to secure the proper 2 to 1 impedance 
relation at the low frequencies, the output transformer must be designed 
to adjust the impedances as explained in Article 445. In this ca.se, its 
turns-ratio will be something other than 1 to 1, and the coupling trans- 
former acts as an impedance-adjusting device as well as to keep the direct 
plate current component out of the speaker windings 

Another popular coupling system for magnetic speakers is shown at 
(B) of Fig. 326. In this, an a-f choke coil is connected directly in the 
plate circuit of the power amplifier tube and the speaker winding is con- 
nected across it through the series blocking-condenser as shown. The 
varying plate current flowing through the choke coil produces varying 
voltage drops across it, (assisted by the self induction of the choke), so 
that due to the signal, the potential of the plate varies up and down from 
its steady normal no-signal value. This voltage \ariation is applied in the 
circuit consisting of the speaker winding and the condenser in series, so 
that a transfer of electrons takes place from one condenser plate to the 
other through the speaker winding, the B power supply unit and the plate- 
cathode path in the tube. This flow of electrons of course constitutes a 
flow of electric current varying at the audio frequencies at which the 
plate current of the tube varies, i.e., at the frequencies of the audio signals, 
so the speaker produces sounds corresponding to the.se The paths of the 
direct plate current and the audio current are shown in (B). It should 
be remembered that while the choke and comienser coupling system does 
serve the purpose of keeping the direct component of the plate current 
out of the speaker winding, it does not act as an impedance adjuster, 
unless a tapped choke is used. Where impedance adjustment is neces- 
sary, it is cheaper and more advantageous to use a coupling transformer 
of proper design. 

The arrangement of (B) .sometimes leads to trouble due to coupling 
in the “B” power supply unit, becau.se the varying audio currents flowing 
through it may cause variations of potential acro.ss impedances common 
to the circuit of the output .stage and those of the other amplifying stages. 
This often causes ‘howling” or “singing”. There are several variations 
of this circuit arrangement, but the one shown at (C) is probably the most 
satisfactory. In this, the series combination of condenser and choke is 
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returned directly to the filament or cathode circuit of the tube. In this 
way, a direct path is provided for the varying audio current so it does 
not flow through the B-power supply, thus preventing the undesirable 
common coupling which often results with the schemes of (B) . If the fila- 
ment of the power amplifier tube is heated with d-c, the speaker-return 
lead can be brought directly to the negative filament terminal. If the 
filament is o])erated by raw alternating current from a transformer, the 
speaker return should be brought to the electrical center of the filament. 
This can be done by either returning it to a center tap on the transformer 
filament winding, or to the center tap of a fixed resistance connected across 
the filament as shown Another advantage of the connection at (C) is 
that since one end of the speaker connects to the filament, (or B minus), 
and the other end is isolated from the plate — so far as direct potential is 
concernc'd — the speaker terminals have no high voltage on them at all and 
are perfectly safe to handle. It must be noted, however, that the full 
“B” potential is placed directly across the speaker circuit to the negative 
return. This means that the condenser must be of the high-voltage type. 
A shorted condenser would put the full ‘‘B” voltage through the speaker, 
by way of the choke, with the result that the speaker windings would pro- 
bably burn out in time 

The capacity of the condenser should be as high as possible (it should 
not be less than 2 mfd.), to avoid resonance peaks in the loud speaker 
response* and should ha\o a breakdown voltage rating safely above the 
plate voltage to be applied to the tube. The choke coil inductance should 
. be as high as possible so as to offer a very high impedance to the passage 
of the signal current through the choke. An iron-core choke coil of 30 
henries inductance is commonly used for this purpose. This is wound 
with many turns of wire on a “core” or “shell” type laminated silicon steel 
core. The higher the ratio of impedance of the choke to the combined 
impedance of the condenser and loudspeaker, the greater will be the pro- 
portion of signal current in the loudspeaker circuit and consequently the 
greater the volume produced by the loud speaker for a given signal input to 
the amplifier. The values are not critical, however. In some cases, two 
condensers are connected in series with the speaker, one on each side. 
T^e special coupling arrangements used when a push-pull output stage is 
employed will be studied in connection with push-pull amplification. 

447. Push-pull amplification and wave-form distortion: We have 

found in our study of audio amplification and the action of the vacuum 
tube as an amplifier, that distortion of the wave-form of the a-f input 
signal voltage can take place due to the tube itself. As a result of this 
distortion, the wave-form of the plate current variations is not exactly 
similar to the wave-form of the signal voltage variations impressed on the 
grid circuit. Therefore, t]ie sound waves created by the movement of the 
diaphragm of the loud speaker to which these plate current variations are 
fed. will not be a true reproduction of the wave-form of the original 
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signal voltage variations, and the sound output is said to be distorted. The 
four ways in which wave-form distortion may take place in an amplifier 
tube have already been discussed in Arts. 339 to 344, but they will be re- 
viewed here briefly, as they are very important in the consideration of 
the push-pull amplifier connection. As already explained, frequency dis- 
tortion may take place in tube-coupling devices, but it does not occur in the 
tubes. 

Lot us consider a typical “static” grid voltage — plate current characteristic of a 
vacuum tube operated with a high impedance in the plate circuit, as shown at (A) of 
Fig. 327. It curves over at the upper region C, curves under at the lower region A, 
and is sensibly straight at the middle portion B. If the plate voltage, grid bias and 
filament voltage are adjusted properly, so that the “no-signal” operation point is at 
the center, B, of the straight portion, (which is the proper operating point for an 
amplifier tube), then a signal voltage 0-1-2-3-4 of medium value applied to its grid 
circuit will produce plate current variations 0-1 -2-3-4 having exactly the same wave- 
form as shown. Since this plate current wave-form is exactly the same as that of 
the applied signal voltage, no distortion is produced by the tube under these condi- 
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tions. For simplicity in our discussion, we will assume that the signal voltage ap- 
plied to the grid circuit is of simple sme-wave form. Actually of course, the signal 
voltages existing in the a-f amplifier of a radio receiver are varying in frequency, 
intensity, and wave-form at each instant, depending entirely upon the pitch, loudness 
and timbre respectively of the sound acting on the microphone in the transmitting 
station. The considerations for distortion and action of amplifiers however, are no 
different for these complicated wave-forms than they are for a simple sine-wave 
sound or current. The actions of the latter are easier to follow and understand. 

If the plate and grid voltages are such that the signal voltage applied to the grid 
circuit causes it to become positive during each positive half cycle of the signal 
voltage, or causes it to operate over the upper bend C, of the curve, distortion will be 
produced as shown at (B). In the former case, current flows in the grid circuit 
each time the grid is made positive by a positive half cycle of the signal voltage. This 
results in a voltage drop in the apparatus connected in the grid circuit and so re- 
duces the signal voltage actually affective at the grid. The result is not only a flat- 
tening of the upper loop of the plate current variation, but a dip may actually be caused 
at the peak as shown at (D) of Fig. 328. In the latter case, even if the grid does 
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not go positive, the mere fact that the tube is operating on the upper bend of the 
characteristic curve, causes distortion. In either case, the variations of the plate 
current changes during the positive half cycles of the signal voltage are less than 
those produced by the equal negative half cycles. The wave-form of the plate cur- 
rent variations is now different than that of the applied signal voltage variations, so 
distortion has resulted. As shown at (B), the increases produced in the plate current 
are smaller than the decreases. 

If the tube is operated at the lower bend A, of the characteristic, as shown at (C), 
the reverse action takes place. As shown in the diagram, even though the positive 
and negative half cycles of the signal voltage are equal, the corresponding plate 
current variations are not equal. The decreases in the plate current are smaller 
than the increases (This i< exactly what happens in a grid bias detector, by the 
way.) Therefore distortion takes place. 

If the tube is now operated at the center of the straight portion as shown at (D), 
and a large signal voltage is applied to the grid circuit so that the grid potential varies 
over both the upper and lower bends of the characteristic, then the form of the plate 
current variations is flattened both at the top and bottom of each half cycle, as shown. 
Due to the grid current flowing when the grid becomes positive, the upper peak of the 
plate current dips as shown. This of course, also represents distortion of the wave- 
form. 

Up to this point we have assumed that the E* - U characteristic of the tube is 
straight over the center region B. Now this is the “static” characteristic curve and 
really does not represent the situation under which the tube actually operates. When 
some form of impedance consisting of a loud speaker winding, the primary of a trans- 
former, etc., IS connected in the plate circuit, the conditions are somewhat different* 
as we found in Article 293 and showed in Figs. 209 and 210. Under these operating 
conditions, the voltage drop in the load impedance at each instant, causes variations 
in the plate voltage which is actually effective on the tube, and causes the plate cur- 
rent changes to lag the grid potential changes, so that the characteristic becomes 
curved over a large part and is not as straight as w’e have supposed. 

Now considering the output power tube of the receiver, we know that for a given 
signal voltage, maximum power is transferred to the load in the plate circuit if the 
impedance of the load is equal to the plate resistance of the tube. However, for the 
^straight amplifier connection, if the plate load is made of this value, the character- 
istic of the tube becomes very much curved, as shown at (E) and distortion of the 
wave-form of the plate current results, as shown. If the load impedance is made 
smaller than the plate resistance, the curvature of tHe characteristic becomes more 
and more pronounced, and severe distortion takes place. Actually, in practice the 
output load is made equal to about twice the tube resistance in order to reduce this 
curvature of the characteristic to a point which does not cause objectionable distortion 
due to this cause. This means of course, that the full power output which the tube 
is capable of delivering for any given signal voltage applied, is not obtained, but a 
value less than thi.s, which is commonly called the “undistorted output” is obtained. 
The push-pull amplifier circuit eliminates the distortion effects of the curved char- 
acteristic and therefore enables us to use a lower load impedance in the plate circuit — 
one which is nearer to the value of the plate resistance of the tube. This means that 
with the push-pull circuit, for a given signal input voltage applied to the grid, an 
undistorted power output more nearly equal to the maximum output available for that 
signal voltage can be obtained for each tube. This is one big advantage of push-pull. 
It helps toward enabling smaller size power tubes to be employed in the last audio 
stage for a given output. The use of the smaller power tubes means that lower “B” 
voltages are employed and a saving in the cost of the “B” power supply unit is effect- 
ed. Its other advantages such as larger signal-voltage-swing handling capacity, elim- 
ination of hum caused by a-c current ripple, elimination of necessity for a by-paas 
condenser across the grid-bias i sis tor. and cheaper construction of the output trans- 
former will be pointed out as we proceed. 

Before proceeding with the detailed study of the push-pull action, let 
us see just how “harmonics" enter into the wave-form distortions shown 
in Fig. 327. During our study of sound waves in Article 6, we found that 
“harmonic", or “multiple", frequencies are very common in* speech and 
musical sound waves and are really the cause of the different quality or 
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timbre which enables us to distinguish one musical instrument from an- 
other when a note of the same frequency is played. We found that the 
“second harmonic” is a sound wave of double the frequency of the funda- 
mental wave. Now when dealing with sound, since the device which 
produces the sound introduces the harmonic frequencies which determine 
its w’ave-form, the harmonics are not looked upon as forms of distortion 
for they really are part of the distinguishing character of the sound. We 
speak of such sound waves as are shown in Fig. 14. as being "complex”, 



Fig 328 — How the distorted wave-forms in Fig 327 may be rtupln aied by considering them 
to be equivalent to the sum of a fundamental sine ^save, and second or third 
harmonic sine waves 


due to the harmonics, but we do not consider them as distortion^ How- 
ever, w’hen harmonic frequencies which are introduced into electrical cir- 
cuits or sound waves by a \ acuum tube or any other de\ ice*, are of an 
undesirable nature and were not present in the original sound itself, the 
waves resulting from the combination of the harmonics with the firiginal 
waves are said to be distorted. We found that distortion of the plate 
current variations in a vacuum tube amplifier could be produced by oper- 
ating the tube improperly, and by its curved characteristic Let us see 
how harmonic frequencies enter into this. 

If we consider the simple sine-wave input signal voltage again with a 
symmetrical wave-form as shown at (A) of Fig :^28, we find from Fig 
327 that if the grid bias of the tube is insufficient, the curve representing 
the variations in the flow of the output plate current is distorted to the 
form shown at (B) of Fig. 328. If the grid bias is too large, the distorted 
plate current wave is as at (C) . If the grid bias is correct, but the input 
signal voltage is too great, the wave is distorted as at (D). If the char- 
acteristic is curved due to a plate circuit load of too low an impedance, the 
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wave is distorted as at (E). Now the distortion of the plate current 
waves at (B), (C) and (E) is of the same character. Our study of dis- 
torted wave shapes of this sort may be greatly simplified by considering 
that instead of having in the circuit, a single current or voltage which 
varies in value as shown by the wave-form, we have a pure sine- 
wave of the same frequency as the distorted wave, (this sine-wave is 
known as the fundamental), plus pure sine-waves of frequencies which 
are multiples of the fundamental frequency. The latter are of the har- 
monic frequencies. Let us fix this matter firmly in our minds before we 
proceed any further. Even though we speak of a distorted wave voltage 
or current, as containing harmonics, it does not necessarily mean that 
these harmonics exist as separate waves, voltages, or currents distinct 
from the distorted one, but rather the effect or action of the distorted 
one upon the circuit is exactly the same as if it were replaced by one of 
the fundamental frequency and associated harmonics all of simple sine- 
wave form. This should always be kept in mind. Now referring to the 
distorted wave-forms at (A) and (B), we can consider them to be equiva- 
lent to a sine-w^ave fundamental plus a sine-wave second harmonic which 
is entirely above or below the zero axis. The axis of the second harmonic 
is Y - Y. The three wave-forms drawn together, are shown at (F). At 
every point along the “0-0" axis, the amplitude of the fundamental plus 
the height of the second harmonic (with due regard to direction above or 
below the axis) , is equal to the height of the resultant wave-form. There- 
fore, the fundamental plus the second harmonic of these relative strengths 
^ are equivalent to the resultant distorted wave-form, and this wave-form is 
exactly as shown at (B). Consequently, since the resultant distorted 
wave-form is obtained by combining a pure sine-wave of the same fre- 
quency with a second harmonic wave, we usually say that the distortion is 
due to the second harmonic present, and that if the second harmonic were 
eliminated, the pure undistorted wave-form would result. At (G), the 
combinations to produce the distorted wave-form of (C) and (E) are 
shown. Notice that (F) and (G) are similar in shape excepting that they 
are 180 degrees out of phase. At (H) we have the combination of a fun- 
damental sine-wave with a third harmonic sine-wave of smaller amplitude, 
to produce the resulting symmetrical distorted wave-form which has a dip 
at each peak. This will be seen to be similar to the wave-form distortion 
produced by the condition of (D) in which the grid going positive causes 
a flow of current in the grid circuit. The distortions represented by (B) 
and (C) will never occur in a well designed amplifier, in which the proper 
grid bias voltage is applied to the grid. That at (D) may occur if signals 
which are stronger than the permi.ssible grid swing of the tube used will 
allow, are applied. That at (E) is very likely to occur unless we are 
satisfied to use a very costly, high impedance load in the plate circuit of the 
output tube and be satisfied with the reduced power output which will 
result. We can consider that these wave-form distortions of (B), (C) 
and (E) are caused by parasitic second harmonic current variations set 



666 


RADIO PHYSICS COURSE 


up in the plate circuit of the tube, since they are similar to the conditions 
shown at (G) and (F). The condition of (D) is a combination of sec- 
ond harmonic and a weak third harmonic distortion. Consequently, our 
problem is one of eliminating the effects of the second harmonics. 

If a certain distorted wave-form can be conveniently considered as the sum 
of a fundamental and say oven number (2, 4. 6, etc.) harmonics, it must not be sup- 
posed that absolutely no odd number harmonics (3, 5, 7, etc.) exist, but rather that 
the maximum amplitude of any odd harmonics that must be added to give exactly the 
original distorted wave form is so small compared to the maximum amplitude of these 



even harmonics necessary, that the odd harmonics may be neglected. The reverse is 
true regarding a distorted wave-form containing a predominance of odd harmonics. 

Now assuming that the objectionable wave-form distortions which 
we have found to exist in a vacuum tube operated as an amplifier — espec- 
ially in the last audio stage — are caused mainly by second harmonics, let 
us see how the push-pull tube connection eliminates them. A typical 
circuit diagram of a simple-push-pull connection of amplifier tubes is 
shown in Fig. 329. This connection is usually employed in the last audio 
stage of the receiver, but it may also be used in the r-f amplifier, or in 
any of the other audio stages. 

For convenience, the diagram is drawn for battery operation, and the usual input 
and output transformers are shown with rectangular iron cores so that the instan- 
toneous directions of the voltages, and currents may be more clearly shown. The 
input transformer consists of a primary wound to have a satisfactory impedance to 
work out of the plate circuit of the preceeding tube. The secondary S, wound in the 
same core with the primary, has a tap at the plectncal center of the winding, i.e., at 
the center point considered from the “induced voltage” standpoint. Each end of the 
secondary connects to the grid of a tube, the center tap connects through the grid bias 
voltoge source to the cathode. The primary of the output transformer is also tapped 
at its electrical center, the midpoint connecting to B-i-- and the two ends connecting 
to the plates of the tubes. It is wound to have the proper impedance for efficient 
transfer^ of power from the plate circuit of the tube. The secondary is usually a 
single winding as shown, wound on the same core. Now let us see how this combination 
operates. The C battery places a certain definite value of negative bias voltage on 
the grid of each tube. This is the proper value to set the operating point at the mid- 
dle of the straight portion of the characteristic. Since the plate voltage source is also 
common to both tubes, if they are matched, i.e., have similar operating characteristics, 
the same plate current wijl flow through both. Now when no signal is applied, since 
the equal plate currents flow through the equal halves of the primary of the output 
transformer in opposite directions as shown, they produce equal and opposite mame- 
tomotive forces which neutralize each other. Therefore there is no magnetic field 
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*" core due to the steady direct component of the plate currents. This is one im- 
inherent advantag^e of the push-pull circuit v/hich we shall consider again 

Now let US see what happens when a signal voltage is applied to the 
amplifler. A varying current flowing in the primary of the input trans- 
former produces a varying magnetic field which induces a corresponding 
varying voltage in the entire secondary. As each half of the secondary 
is connected across the input circuit of a separate tube, the total induced 
signal voltage in the secondary of the input transformer is divided, each 
tube receiving an input grid voltage equal to only half this signal voltage. 
This point is important for it means that any two tubes in push-pull can 
handle twice as much total input signal voltage, without operating on the 
bends of the characteristic curve, as one of these tubes alone can. 

Let us now see what happens during each half cycle of the signal volt- 
age applied to the grids. Suppose that at a certain instant the voltage 
induced in the secondary of the input transformer is such that the grid 
of the top tube “A” becomes positive with reference to the center-tap of 
the transformer secondary, and the center tap is equally positive with 
reference to the grid of the lower tube (This does not mean that 

the grid is “positive*’ with reference to its filament, for in this event dis- 
tortion would be produced due to the flow of grid current. The “C*' bat- 
tery voltage is greater than any signal voltage that may be applied, so the 
grids are always negative with respect to the filament or cathode. It 
merely ipeans that due to the signal voltage, the grid of tube A, becomes 
less negative than it was before and the grid of tube B becomes more 
^negative.) This will cause the plate current of tube A, which flows 



330- How the disti»rte»l plate current wn\e-forni In the push-pull amplifler combines In 
the output or choke to eliminate second harmonic distortion 

through the upper half of t’le output transformer primary, in the direction 
shown by the arrows in Fig. 329, to increase. At the same time, the plate 
current of tube B, decreases an equal amount. Since these currents both 
flow in opposite directions in the output transformer primary, as shown, 
the effect of changes of opposite nature in the plate current or of the two 
tubes is additive both as regards change of "magnetism" in tKe core, and 
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“voltage" induced in the secondary winding. That is, if at one instant 
the current in the upper half of the primary winding (plate current of 
tube' A) increases, the magnetic field produced by it increases correspond- 
ingly. If at the same instant, the current in the lower half of the primary 
(plate current of tube B) decreases, the magnetic field produced by it de- 
creases. Under these conditions, the fields produced by the two halves 
of the primary winding no longer equal and neutralize each other, but 
there is a resultant field in the direction determined by the direction of 
flow of the larger current. For the particular conditions and instant men- 
tioned above, this is downward in the left leg of the core as shown by 
the arrows on the core. This resultant field therefore induces a voltage 
in the secondary in such a direction as to tend to oppose this increase 
(Lenz’s law of electromagnetic induction) . The direction of the secondary 
voltage and the field produced by the secondary current are shown in Fig. 
329. Therefore, the effects of the varying signal voltage, on the plate 
currents of the two tubes, are additive in the output transformer. 

On the next half cycle of the signal voltage, the induced voltage in the secondary 
of the input transformer reverses, the lower end now becoming more positive and the 
top end more negative. Therefore, the plate current of the tube B, increases and 
that of A decreases. The net magnetic field is now in the opposite direction and so a 
voltage is induced in the secondary in the opposite direction to that induced before. 
This appears across the terminals of the secondary. This action is repeated during 
each cycle, first the plate current of one tube increasing, and that of the other tube 
decreasing and vice-versa — hence the name "push-pull”. 

Now let US first suppose that the correct grid bias voltage is being 
applied to the tubes and a value of sine-wave signal voltage is applied, 
such that it does not overload the tubes. Then due to the curvature of 
the characteristic (caused by the plate load impedance), the plate current 
changes of tube A, will vary according to the distorted wave-form shown 
at (C) of Fig. 328 and at the same instant that of tube (B) varies in 
accordance with the wave-form of (B). These wave-forms for two cycles 
have been drawn again, directly under each other in h'ig. 330 for conven- 
ience, the top one being for the tube A, and the next one for tube B. Now 
as shown previously, each of these distorted wave-forms can be considered 
to be replaced by a fundamental and second harmonic as shown by the 
dotted curves. It will be noticed that the fundamentals in the two tubes 
are 180 degrees out of phase and the second harmonics are in phase. It 
will be evident by referring to the.se current directions at any instant that 
the -fundamentaKs, which are 180 degrees out of phase with each other 
in the plate circuit (one increa.ses while the other decreases), add together 
in the output unit (whether it be a choke coil or a transformer), since an 
increasing current through the upper half of the winding produces the 
pame induction effect as a decreasing current in the lower half. For the 
same reason, the harmonics (which are in phase with each other) in the 
plate circuit neutralize each other in the output unit and the resultant out- 
put to the loud speaker is an amplified reproduction of the fundamental 
wave only. * This is an undistorted sine wave-form in this case, similar to 
that of the input voltage. It is shown at (C). 
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Thus the effect of the push-pull connection is to balance out in the out- 
put transformer or choke coil, the second harmonic distortion produced 
by the tubes. Any second harmonic distortion which may exist in the 
wave-form of the signal voltage which is applied to the amplifier is not bal- 
anced out by the push-pull stage however, since the secondary of the input 
transformer applies this distorted wave-form and the second harmonics 
to the inputs of the tubes 180 degrees apart. Therefore they add together 
in the output transformer and are .still present in the output and are 
pa.ssed on to the loud speaker. Consequently, while a push-pull amplifier 
stage will correct the second harmonic distortion produced by its own 
tubes, it will not correct any which might have been caused by a previous 
amplifier stage, or which may be caused by apparatus which follows it. 
For the same reasons, any second harmonics existing in the input signal 
voltage due to the sound program itself, are not eliminated. 

If the two tubes were operated with too large a value of negative grid 
bias voltage, the plate current wave-forms of the two tubes at any instant 
would be as shown at (D) and (E) of Fig. 330. Since this is a case of 
second harmonic distortion only, it would be corrected in the output trans- 
former. However, if too low a value of grid bias were applied, each grid 
would swing positive during each half cycle on loud signals, and the grid 
current flowing would produce the dips in the plate current wave-forms 
as shown by curves (F) and (G) of Fig. 330. The push-pull system 
does no* eliminate the third harmonic, as the reader will readily see by 
following through the actions of the system for third harmonics. There- 
, fore the second harmonic distortion only is removed in this case and the 
resulting current delivered to the loud speaker is of the distorted form 
shown at (H) of Fig. 330. The dip in the peaks indicates third harmonic 
distortion. The magnitude of the third harmonic that is usually present 
is small enough to be neglected. 

If a large signal voltage be applied to the grids of both tubes such that 
the grid potentials swing over the upper and lower bends of the character- 
istic, the plate current variations of each tube are as shown at (I) and (J) 
of Fig. 3.30. The resulting current <as at H) contains a large third har- 
monic distortion, which is passed on to the loud speaker. 

It is evident that with balance conditions, no fluctuating audio signal current 
flows down through the “B” power supply line, since the increase in the plate current 
cf one tube just equals the decrease in the plate current of the other at each instant. 
Therefore, the total plate current supplied by the "B” circuit remains constant. 
Therefore, no audio coupling can take place in the impedance of the B power supply, 
so far as the push-pull stage is concerned. This reduces the possibility of instability 
due to feed-back voltage variations from the power tube plate circuit to that of the 
detector or first audio tube, ami also greatly reduces the possibility of “motorboating”. 

A complete circuit diagram for a two-stage audio amplifier arranged 
for a-c electric operation and employing a push-pull output stage is 
shown in Fig. 331. This may be employed either as the audio amplifier in 
a radio receiver, or as a "phonograph” or small “public-address” ampli- 
fier. It will be noticed that the automatic grid bias method is used for 
the push-pull stage, grid bias being obtained by connecting the grid bias 
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resistor R, in the plate return circuit between the center tap of the fila- 
ment resistor and the negative terminal of the B power supply unit. If 
both tubes have the same mutual conductance and output resistance no 
condenser is necessary across this automatic grid bias resistance, for the 
reason that the plate current variations will always be equal and 180 * out 
of phase. The sum of both currents will then always be a constant. 
Since there is no a-c component in the plate current, no by-pass condenser 
is necessary. 

If both tubes of a push-pull amplifier are not matched, so that the 
mutual conductances are not the same, then the plate current variations 
of the two tubes flowing through this grid bias resistance will be unequal 



Fig. 331 — Typical 2-stage transformer-coupled audio amplifier circuit with push-pull output 
stage The amplifier is arranged f«>i a-< eleciri*. operation The actual amplifier 
Is shown in Fig 333 


and 180* out of phase. The result will be an a-c component which can be 
by-passed with a condenser in the usual way if desired, but it is really not 
necessary. If this by-pass conden.ser is omitted, the voltage across the 
grid bias resistance will vary. This variation will be 180 out of phase 
with the grid voltage of the tube having the greater variation of plate cur- 
rent (greater mutual conductance) and in phase with the grid voltage of 
the other tube. In other words, the tube having the greater mutual con- 
ductance will receive degenerative action while the other tube w'ill receive 
regenerative action, the tubes tending to divide the load equally. Thus 
the effect of the mis-matching of the tubes is not so serious. 

Thi^ will be understood by referring to Fig. 331. Suppo.'-e the mutual conduc- 
tance of tube A, is greater than that of tube B. Al.so suppo.‘^e that at one instant the 
signal voltage applied to A is increasing in a positive direction while that of B is in- 
creasing in a negative direction. The increase of plate current of A would be greater 
than the decrease in plate current of B, resulting in an average increase of voltage drop 
across R. The 'grid bias then becomes more negative. The increasing bias is in phase 
with the increasing negative signal voltage of B, producing regenerative action and 
at the same time being 180 degrees out of phase with the signal voltage of A pro- 
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ducing degenerative action. Thus one tends to equalize the other. Regenerative action 
means an action which helps the applied signal voltage. Degenerative action opposes 
the signal voltage. The circuit connections for a push-pull output stage employing 
pentode tubes is shown in the circuit diagram of Fig. 283. 

Inspection of Fig. 331 shows that any plate current ripple caused 
by incomplete filtration in the B power supply unit will affect the plate 
currents of both tubes equally and in phase. Therefore the effect auto- 
matically cancels out in the primary winding of the output transformer. 
This means that since not so much filtration is required, the filter in the 
B supply unit can be made more simple and cheaper. 

Push-pull amplifiers are apt to oscillate in some cases, due to energy feedback by 
some path. To prevent this condition, a high resistor of from 10,000 to 50,000 ohms 
should be connected in the input transformer center-tap grid-return lead, at the point 
marked “X” in Fig. 331. This should not be by-passed with a condenser. The amp- 
lifier can be tested for oscillation either by listening for the howl or whistle which 
accompanies it, or by connecting a low reading milliammeter in the “C” — leg at point 
“X" in order to determine whether any current is flowing in the grid circuit. Under 
normal conditions there should be no deflection of the needle. However, if the circuit 
is oscillating, several milliamperes of current may be found to flow in the grid circuit. 
Then the remedy described above should be applied. 

The center tap on the secondary of the input transformer need not 
be located exactly at the electrical center, for any slight unequality in the 
voltages applied to the grids, due to a slightly off-center tap will auto- 
matically be taken care of by the degenerative action of the plate current 
of the tube obtaining the larger signal voltages, somewhat in the same 
manner as already described for the grid bias resistor case. The center 
tap on the output transformer should be accurately located at the elec- 
trical center of the winding however, for any inequality here will not 
only cause a magnetic flux in the core due to the direct component of the 
plate currents, but will also result in incomplete balancing of the second 
harmonics, with resulting distortion of the output current. So far as 
the current from the “B” power supply unit is concerned, the plate cir- 
cuits of the two tubes are in parallel, and the total current it must supply 
is equal to the sum of the plate current taken by each tube. So far as 
the variations in plate current are concerned, the path consists of the 
primary of the output transformer in series with the plate-to-filament 
circuits of the two tubes, for the plate current variations due to the sig- 
nal exist only in this path. Therefore the impedance of the primary of 
the output transformer must be designed with this fact in mind. The 
plate impedance of the push-pull combination is taken as equal to the sum 
of the plate impedances of the two tubes, due to this series path condi- 
tion. In the push-pull circuit, since the two d-c plate currents in the two 
halves of the primary flow in opposite directions; the resultant magneti- 
zation of the core is very small. Since the two halves of the windings are 
connected “series aiding” so far as a-c currents are concerned, the total 
inductance is increased. This means that not only less iron, but less cop- 
per as well, can be used for a given inductance value in a push-pull out- 
put transformer .or choke than would be used for a single tube output 
device. The air gap in the core should not be dispensed with altogether; 
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it should simply be reduced. An air gap should be used in order that the 
original high value of inductance effective at small values of a-f may be 
maintained at high signal levels. 

The output unit in a push-pull amplifier may be either a choke coil, 
as at the lower right of Fig. 331 or a transformer, as in the main diagram. 

When a choke coil is used, with well matched tubes, (passing the same plate 
current) the ends of the winding E and F are at substantially the same D. C. poten- 
tial, for there will be the same potential drop from the common center tap to E and 
F. For this reason the speaker can be connected across these points without danger 
of any damaging direct current flowing through the windings. This eliminates 
the necessity for any blocking condensers between the choke and the speaker. However, 
fixed condensers Cj and C.j of 2 to 4 mf. capacity arc sometimes connected in the 
speaker circuit in order to insulate the speaker terminals from the high plate voltage 
to prevent severe shock if they are touched by a person whose body is grounded. 
This IS especially advisable when the larger power tubes such as the 210 or 250 types 
are employed, as the voltages then are above 300 volts. 

Some push-pull output impedances are made with two taps. Points G and H are 
at the same d-c potential when placed equally distant from the center tap. They 
may be used for speaker connection when a step-clown impedance ratio is required 
for the best operation of low-impcdance speakers, such as for feeding directly into 
the 10 or 15-ohm voice-coil of an electro-dynamic type loud speaker The use of an 
output transformer is perhaps more popular than the choke for push-pull circuits 
In most cases the secondary is designed to work directly into the 10 or 15-ohm voice- 
coil of the electro-dynamic speaker employed. 

Maximum power output is obtained from a tube when the load im- 
pedance equals the a-c plate resistance of the tube. If the load impedance 
is made equal to the tube resistance in a straight amplifier, maximum out- 
put will be obtained, but the percentage of the second harmonic present 
due to the curvature of the characteristic prohibits the use of this one-to- 
one ratio. The ratio of load impedance to tube resistance is usually 
made about 2 to 1, in order to minimize the second harmonic distortion. 
This is shown very clearly by the graph at (A) of P'ig. 332 (reprinted here 
by courtesy of Electronics Magazine) in which the power output and 
per cent second harmonics are plotted for various values of plate load 
impedance (or a-c plate resistance), for a typical three-electrode power 
amplifier tube having an a-c plate resistance of about 2,000 ohms and hav- 
ing a signal voltage as large as it is permissible to apply without working 
over the bends in the characteristic, applied to its grid circuit. 

The power output curve shows that greatest powur output (about 1.8 watts) 
occurs when the load impedance is made equal to 2.000 ohms, which is the same as 
that of the tube. Since a harmonic distortion up to about 5 per cent is not considered 
objectionable in practice, it is seen that the 9 per cent distortion which results if 
this optimum value of load impedance is used, is very high. If the load impedance 
is made equal to 4,000 ohms (twice the plate resistance of the tube), about 1.6 watts 
or 90% of the maximum power output possible is obtained, and the harmonic dis- 
tortion IS reduced to the low value of about 3.5 per cent — which is permissable. 

Now contrast this with the curves at (B) which are drawn for the push-pull output 
stage using the same type of tubes and operated at the same voltages. The same sig- 
nal voltage is applied between the grid and filament of rarh tube in this case, as was 
applied to the single tube just discussed. It is seen that the maximum power output 
of 3.6 watts is obtained when the plate load of 4,000 ohms (equal to the plate resistance 
of the tubes in push-pull) is used. Since the distortion due to harmonics is only 1.3% 
for this operating condition, the conditions for undistorted output are being satisfied and 
thia may be considered as the maximum undistorted output also. Notice that this 
power output is 3.6 watts as against 1.8 watts for the similar case with the single 
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tube, i.e., just twice as much. Therefore for a given signal input voltage applied to 
the grid of each tube, and a given allowable distortion, the push-pull connection puts 
twice as much undistorted output power into the load, as the single tube does. This 
demonstrates forcibly the advantage of the push-pull connection over the single output 
tube connection in the matter of wave-form distortion due to harmonics. It also illus- 
trates the fact that since the harmonic distortion is so low with the push-pull connec- 
tion, the load impedance may be made equal to the effective plate resistance of the 
tubes in push-pull (twice the plate resistance of one tube), without introducing ob- 
jectionable distortion. This enables the maximum power output of the tubes to be 
obtained without distortion. That is, for a push-pull amplifier the terms maximum 
power output and maximum undistorted power output (distortion below 5 per cent) 
mean one and the same thing, whereas for the single tube connection the maximum 
undistorted power output which can be obtained, is less than the maximum power 
output, due to the necessity of using a higher impedance plate load to reduce the har- 



Fl* 332 — (A) Graph showing how the power output and per cent harmonica in a single tub* 
output stage vanes for different \alues of load impedance (or a-c plate resistance) 
for a tube having an a-r plate resistance of 2000 ohms 
(B) Same for a push-pull stage with similar tubes 


monic distortion to the traditional “5 per cent maximum” value. If the load resis- 
tance IB double the total plate resistance of one of the push-pull tubes, then the maxi- 
mum undistorted power output of a push-pull stage is obtained for a given signal 
input applied to it. The maximum undistorted power output of each tube in watU 
IS then given by the general formula for maximum power output, for the reasons 
stated above. This is: 

ec* (.1- tji- 

P=z or 

4Rp 8Rr 

Since the total power output of the two tubes in push-pull is equal to the sum of the 
power delivered to the load by each tube, the maximum undistorted power output for 
the entire push-pull stage is. 

P — or 

2Rp 4Rp 

where e, is the r. m. s. value of the signal voltage applied between the grid and fila- 
ment of each tube (equals one-half the total signal voltage developed across the sec- 
ondary of the input transformer), and Ec is the peak value of this voltage. R, is the 
a-c plate resistance of a single tube. 

When speaking of the turns ratio of a push-pull input transfofmer, the ratio 
between the turns included between the center tap and one end of the secondary, to 
those on the primary is meant. Thus a 3 to 1 input transfer has 6 times as many 
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turns on its entire secondary winding as it has on the primary, or 3 times as many 
turns between the center tap and either end as it has on the primary. The reason 
for this is that we are interested in the actual ratio between the voltage applied to the 
primary of the transformer by the preceeding tube and that applied to the grid circuit 
of each tube considered separately, by half of the secondary winding. 

Because of the greater freedom from objectionable harmonics when 
a push-pull amplifier is overloaded, it is permissable in practice, to apply 
somewhat greater input signal voltages voltage per tube without serious 
distortion, than when a single-tube stage is used. Hence the maximum 



CourCr«v P^lot Radio k Tuba Carp 

Pl«. 333 — The 2-siaKe anipliher with puMh-pulI output stage whose rircim diagram is ehown 
In Fig 331 Resistance input coupling is aNu used The push-pull tubes and 
transformers are at the right 


undistorted power output obtainable from two tubes in push-pull is us- 
ually considered as being equal to about 2.25 times that obtainable from 
a single tube of the same type, (see Fig. 336). The advantages of the 
push-pull amplifier circuit may now be summarized as follows : 

(A) Elimination of second harmonic distortion originating in the tube circuit. (It 
does not eliminate second harmonic distortion originating m preceeding or 
following equipment.) 

(B) Twice the permissable grid-.swing voltage allowable for a single tube stage may 
be applied to the push-pull using the same type of tubes. This means that 
smaller size power amplifier tubes can be used to handle a given total signal 
voltage. This results in decrease in cost of the “B”-power supply unit. 

(C) Reduction of hum when a-c operated. Less filtering is necessary in the “B” — 
power supply unit. Also, hum-voitages originating in the filament circuit when 
a-c operated, cancel out. 

(D) Elimination of the by-pass condenser across the grid bias resistor. This i.s es- 
pecially advantageous when pentode tubes are used, for if a single pentode is 
employed, a by-pass condenser of about 8 o’- 10 mf. is required across the grid 
bias resistor to eliminate serious degenerative effects on the low audio fre- 
quencies. 

(E) I^ss iron and copper required in the output transformer or choke. 

These advantages have made it a very valuable form of amplifier. 
The push-pull principle can be adapted to resistance coupling, and the 
Clough coupling system very satisfactorily. 
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Fig. 333 shows a two-stage audio amplifier with push-pull output 
stage. The first tube (at the left) is resistance coupled to the input. Next 
comes the push-pull input transformer, then the push-pull tubes, and the 
output transformer is on the right with the output binding posts. The 
three terminals on the secondary of the input transformer and on the 
primary of the output transformer are plainly shown. The circuit dia- 
gram is shown in Fig. 331. The fact that for equal input signal voltage, 
a push-pull amplifier stage delivers about twice as much power to the 
load as a single tube stage would (using same type tubes) does not mean 
that the sound issuing from the loudspeaker will sound twice as loud. 
Doubling the power output means a gain ratio of 2 in the power. Re- 
ferring to Fig. 304 we find that this is an increase of three decibels. One 
decibel is about the smallest difference that can be detected with the ears. 
Therefore an increase of three decibles is noticeable, but of course it 
does not mean that the sound will be anywhere near twice as loud. 

448. Dual push-pull amplification: High-gain a-c operated audio 
amplifiers designed particularly for use in public-address systems, and in 
sound picture work, frequently make use of two ’50 type power amplifier 
tubes in push-pull in the output stage in order to handle the large signal 
voltages existing there and to deliver the large amount of power required. 

If these tubes are operated at their maximum rated voltages, in order to obtain 
as much undistorted power output from them as they are capable of handling, a max- 
imum “peak” signal-voltage (in one direction) of about 80 volts must be developed 
across each half of the secondary winding of the push-pull input transformer and 
applied to the grid circuit of each tube. (Note: This is equal to the value of the 
• negative grid-bias voltage, see Fig. 214). Assuming this transformer to have the 
common ratio of 2 to 1, the signal voltage across its primary would have to be 80 
divided by 2, or approximately 40 volts. If the amplifier tube feeding into this trans- 
former has an effective “mu” of 8, then the signal voltage applied to its grid must be 
al^ut 40 divided by 8, or 5 volts, for this output. To prevent the possibility of over- 
loading, the negative grid-bias for this tube should therefore be at least 6 or 7 volts. 

Since powerful amplifiers of this type are usually 3-stage amplifiers, 
it is common to make both the second and the last stages of the push-pull 



334 — Typical 2-ataa€s of audio-ampliflcatlon with "dual push-pull" stages This forin of 
amplifier circuit la commonly used In heavy-duty power amplifiers used In sound 
amplifier systenis 

type, as shown in Fig. 334. This is called a dual push-pull amplifier. 
The first stage may be of the single-tube type. The use of the push-pull 
stages eliminates any “second-harmonic” distortion which might otherwise 
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occur in the last two stages, besides providing the other advantages which 
have already been pointed out during our study of push-pull amplification. 

In the circuit diagram of Fig. 334, the special interstage push-pull 
tranformer T.. has a center tap on both the primary and secondary wind- 
ings. The push-pull action is the same as has already been described in Ar- 
ticle 447. Push-pull tubes A and B obtain their negative grid bias voltage by 
the fall of potential in resistor R?. Tubes C and D obtain theirs by the 
fall of potential in R.v 

449. Parallel output tubes: Greater undistorted power output 
handling capability than a single tube provides, can also be obtained by 
connecting two or more tubes with their grid circuits in parallel and 
their plate circuits in parallel, as show’n in Fig 335. The filaments may 



Fi* 335 — Tvpical transformer-coupled a-f amplifier circuit with two ouiput tube* connected 
in parailel 

also be connected together in parallel as shown. Evidently it is possible 
to connect more than two tubes this way if desired, but for the purposes 
of explanation we will consider the connection with two tubes in parallel 
Since the signal-voltage variations are applied to both grids simultaneous- 
ly, both tubes really work in phase. Therefore both the fundamental and 
harmonic waves are present in the output, i.e., this connection does not 
eliminate the harmonic distortion caused by the tubes, as the push-pull 
circuit does. This is one of the objections to the parallel-tube connection. 

The amplification constant of the combination is equal to the constant of a sinffle 
tube if both tubes are similar. If one of the tubes has a hig^h mu and the other a low 
mu, the resultant amplification of the two is equal to the averaf?e of the two mu’s. 
Thus if the mu of' one tube is four and that of the other is seven, the resultant 
amplification constant is 5 5. 

For similar tubes, the resultant plate impedance will be equal to half the imped- 
ance of a single tube and if unlike tubes are used, the impedance can be calculated 
from the law^ ffovernin^ resistances in parallel. The ffreatest power output is ob- 
tained when the two tubes have identical plate resistances and amplification constants, 
hut a very lars:e fraction of the total power of the two tubes can be obtained even if 
they diffpr jrreatly. Since the plate circuits of both tube.s are in parallel both as 
regards direct plate current flow and the variations due to the signal, the a-c plate 
resistance of the combination is equal to half that of a single tube — if both tubes 
are similar. This makes the output a-c plate resistance rather low. This is sometimes 
advantageous where the tubes are to supply power to a load of low impedance. For a 
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given input signal voltage and 2 parallel tubes feeding into a load impedance equal to 
twice the combined plate resistance of the tubes in parallel, twice as much undistorted 
power can be obtained as could be obtained from a single tube feeding into a load im- 
pedance equal to twice its plate resistance. The total power delivered to the load 
in any case, is simply the sum of the powers delivered by each of the parallel tubes. 

Possibly the greatest drawbacks to this system are that second-har- 
monic distortion is not eliminated, and that the maximum peak signal 
voltage which can be applied to the grids without overloading is equal to 
that specified for a single tube (about equals to the grid-bias voltage). 
This differs from the push-pull arrangement, where the allowable total 
input signal voltage is double that for a single tube, because due to the 
push-pull connection only half the total input signal voltage actually acts 
on each tube. 

It would also be possible to connect four or more tubes to form a 
push-pull parallel tube arrangement, with two or more tubes in parallel 
on each side of the push-pull arrangement. This arrangement secures the 
benefits of lowered plate impedance and retains the advantage of greater 
allowable input signal voltage and elimination of tube distortion which is 
characteristic of the push-pull connection. This would only be resorted 
to in special public-address or sound-picture amplifiers in which a very 
large amount of undistorted output power would be required. 

450. Output pow«r required: We have seen how the power out- 
put delivered by any tube, or combination of tubes, to the load connected 
in the pl/ite circuit, can be calculated if the types of tubes employed and 
the signal voltage applied to the grid circuit, are known. The next ques- 
tion which arises is, just how much electrical power is required from the 
•last audio stage? Assuming that the electrical power output from the 
last amplifier stage drives the diaphragm of the loud speaker, the problem 
resolves itself into a determination of how much sound power in watts is 
required to produce the necessary volume of sound, and what the efficiency 
of the loud speaker is, i.e., how many watts of sound energy it delivers for 
every watt of electrical energy put into its windings by the amplifier. 
The answer to this first problem is one which depends upon many condi- 
tions such as size of the room, absorption properties of the walls and 
drapes in the room, volume of sound required, etc., so that no figure which 
would be true for all cases can be given. The loud speaker efficiency is 
also a variable quantity. Speakers of different types and manufacture 
have different efficiencies — unfortunately all very low, as we shall see in the 
next chapter. The following power values may be considered as giving some 
basis for average radio reception at the volumes ordinarily used in the 
home. It may be safely assumed that a power of from Vi to 34 of a watt 
should be supplied to each permanent-magnet type cone speaker employed, 
and about 1 or 2 watta for each medium-sized electro-dynamic speaker 
employed. For the large type electro-dynamic speakers designed espec- 
ially for auditorium work, a power of from 2 to 20 watts may be supplied 
for full volume. X^ese are average figures given merely to ^ve the read- 
er some idea of how much power must be supplied to the loud speaker. It 
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may vary greatly in individual cases. In the chart of Fig. 336, are ar- 
ranged for convenient comparisons, the undistorted power output in watts 
which the various power amplifier tubes will deliver to loads of proper 
impedances (see Fig. 214), connected in the plate circuit, (or by a proper 
impedance-adjusting transformer), when a signal voltage having a peak 
value equal to the maximum which the tube can handle without overload- 
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Fi*. SS6~>Chari showing graphically th® maximum undistorted power outputs which may ^ 
obtained from various standard types of power amplifier tubes connected singly, in 
parallel, or in push-pull, when the maximum allowable .signal-voltage input (see 
Fig. 214) is applied to the tube or “combination” in each case 


ing, (about equal to the grid-bias voltage), is applied. Separate values 
are given for single output tubes, for 2 tubes in parallel, and for two tubes 
in push-pull. In each case it is assumed that the maximum plate and grid 
voltages specified for the tube in the table of Fig. 214 are applied to the 
tubes. 


It must be understood that the power output requirement i.s not the only consid- 
eration in the selection of a power amplifier tube in any specific case. The “power 
sensitivity” i.e., the measure of the input signal voltage required to produce a given 
power output is very important. Thus, a *47 type pentode will deliver more undistort- 
ed power output for a given signal voltage applied to the grid, than say a ’45 type 
tube, i.e., its “power sensitivity’* is higher. Therefore it is u.sually more satisfactory 
than a *46 type tube, because for a given power output, less amplification of the signal 
in the proceeding stages is required. This consideration has made the pentode type 
of tube very important as a power amplifier. 

451. Tone control: As radio receivers designed for the repr6- 
duction of speech and musical programs must operate under varied acous- 
tic conditions in the many types of rooms in which they are used, and 
must also please the individual acoustic tastes and preferences of the lis- 
teners, the incorporation of a tone control in the audio amplifier has be- 
come quite common. Many people prefer reproduction with the bass over- 
accentuated and the high notes suppressed, others prefer the bass reduced 
and the high notes brought out, so that the speech sounds such as “s”, “sh”. 

etc., are reproduced clearly and sharply. Others may want the audio 
system to amplify and reproduce equally, the entire range of audio-fre- 
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quencies concerned in the reproduction of speech and music, with a suitable 
control provided for either suppressing or over-accentuating either the 
bass or the high-note range for certain types of speech or music, if they so 
desire. The latter form of tone control is possibly the ideal type. 

Many tone control arrangements consist of a simple high-pass or 
low-pass filter, (see Articles 180 and 185), which act to reduce the ampli- 
fication of the high audio frequencies. This suppression of the high notes 
produces the effect of making the speech or music sound low-pitched. 
Thus a deep note effect is produced without actually increasing the ampli- 
fication of the low frequencies. However, this form of apparent low-note 
boosting does not produce really natural reproduction, for since the high 
frequencies are cut off, the sound loses its brilliance and crispness. This 
is especially true for many of the speech sounds. The possible types of 
tone control systems are very numerous. The circuit of a typical simple 
tone control of this kind which has been used extensively on account of its 
simplicity is shown at (A) of Fig. 337. This consists of a .002 mf. fixed 
condenser in series wi*^h a variable non-inductive resistor of 500,000 ohms 
maximum value. At (A) this control is shown connected in the plate 
circuit of the detector tube. At (B) it is connected across the secondary 
of the input transformer of the push-pull output stage. In either case, 
the effect is to by-pass the high frequencies by means of the condenser, 
the adjustable resistor in series determining the amount of by-passing 
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which takes place through the circuit. The less the resistance in the cir- 
cuit, the greater the by-passing effect and the lower the tone seems. The 
condenser by-passes the high frequencies only because its reactance de- 
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creases as the frequency increases. At (C) a very satisfactory tone con- 
trol, also of the “suppressor type,” is shown. This consists of an inductance 
L, of about 2 henries and 1300 ohms; a potentiometer R, of 40,000 ohms; 
and a condenser C, of .025 to .05 mf. depending on the audio character- 
istics of the receiver. The advantage of this circuit is that either the 
low or the high frequencies may be suppressed. It is usually connected 
in the detector plate circuit. As the arm of the potentiometer is moved 
toward the condenser terminal, the resistance of the condenser by-pass 
path is reduced and the high frequencies are by-passed, resulting in a deep 
tone. As the arm is moved toward the choke terminal, the condenser by- 
passing is reduced and the resistance of the shunt path across the choke 
decreases. This reduces the amplification of the low frequencies. 

The tone controls just described are typical of the “frequency sup- 
pressingr” or "de-amplifying” type. The audio amplifier has a certain 
a-f response, and the tone control reduces the amplification of the low 
frequencies or the high frequencies to below the normal value. In order to 
bring up the volume, it is necessary to manipulate the volume control when- 
ever the tone control has been adjusted. No actual boosting of the ampli- 
fication at any frequency can be produced by this form of tone control. 

A form of tone control which actually enables the operator to either 
increase or decrease the amplification of the low or high audio frequencies 
if desired, is shown at (D) . This is particularly adjusted to the resonated 
primary arrangement in the “Clough coupling” system as shown. 

Varyinjf the value of the 500,000 ohm resistor across the .001 mf. condenser 
vanes the current flowing in the resonated primary circuit and therefore varies by as 
much as 15 decibels, the amplification of the lower audio frequencies below 100 cycles 
to which the primary is resonated. The amplification of the high audio frequencies 
can be either lowered or raised by means of the switch. In the plate circuit of the 
first a-f tube, is included a tuned circuit consisting of a capacity and inductance 
resonated at the higher audio frequencies to increase the impedance of this circuit at 
the higher frequency. This results in a very considerable boost of the order of about 
22 db. at the higher audio frequencies in the neighborhood of 4,000 cycles. A switch 
is seen shunting this tuned circuit, which, when closed, throws it completely out of 
circuit and results in weakening of the higher audio frequencies. This is desirable 
m locations showing a very high noise level, in the reception of very weak stations, 
or where the personal taste of the user favors an accentuated bass response for cer- 
tain music. This system is shown connected in a complete superheterodyne receiver 
circuit in Fig. 283. 

Other systems of tone control wherein the amplification at either 
the high or low audio frequencies may be either increased or decreased 
have been developed, but many of them are too costly and complicated 
for general use in radio receivers, although they are employed in amplifiers 
used for public address and sound picture work. They usually provide 
for a series of controls which enable the operator to accentuate or atten- 
uate any particular frequency or any particular groups of frequencies 
which he may desire. Thus, it is possible with an amplifier so designed, 
to not only compensate for losses in recording and reproduction, but also 
to attentuatq those particular frequencies which are emphasized because of 
resonance in the electrical or mechanical network, or by the particular 
physical conditions existing in the place where the reproduction takes place. 



AUDIO AMPLIFICATION? 

REVIEW QUESTIONS 

1. What is meant by the term “audio frequency”? What is a-f am- 
plification ? 

2. At what point in a radio receiver is a-f amplification used? 
Why? What does it accomplish? 

3. What are the practical advantages and disadvantages of doing 
all of the amplifying of the radio signal voltages in an r-f 
amplifier ahead of the detector? 

4. What advantages and disadvantages does audio amplification 
following the detector present? 

5. Draw a simple block-diagram and explain the various changes 
which an incoming modulated r-f signal voltage undergoes as 
it proceeds through the t-r-f amplifier, detector, audio ampli- 
fier, and loud speaker. 

6. Why has the use of power detectors resulted in a change in the 
ratio of r-f (or i-f) amplification to a-f amplification employed 
in receivers, so that most of the amplifying is now being done 
in the r-f (or i-f) amplifier? 

7. Name two practical limits to the amount of r-f amplification 
that can be used satisfactorily in a practical radio receiver? 

8. Modern broadcasting stations are equipped to transmit all sound 
• frequencies up to 8,000 or 10,000 cycles. Why do they actually 

transmit only up to about 5,000 cycles? 

9 In order to obtain true reproduction of the sound programs, 
what must the entire radio receiver equipment considered as a 
whole, accomplish'^ 

10. State some of the important characteristics of the human ear, 
as regards the power in sounds of equal loudness but different 
frequencies; and as regards the effect on the intelligibility if 
either the low frequencies up to 1,000 cycles, or the high fre- 
quencies above 3,000 cycles, are eliminated from speech sounds. 

11. What is meant by “masking” of the high notes? What causes it? 

12. What frequency characteristic should the audio amplifier and 
loud speaker in a receiver ha\e, if the sideband frequencies have 
been suppressed in the r-f amplifier by too-sharp tuning? Ex- 
plain and show by means of the frequency-response curves. 

13. What improvement would be noticed in the reproduction of 
broadcasted musical programs if all sound frequencies up to 
10,000 cycles wer^ transmitted and reproduced faithfully instead 
of the present 5,000 cycle upper limit? 

14. Define the “decibel”. Of what practical importance is the deci- 
bel system of comparing power ratios? 

15. A loud speaker having an efficiency of 10 per cenf(only 10 per 
cent of the electrical power put into it appears as useful sound 
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power), is operated by an audio amplifier feeding 1.5 watts to it. 
The sound is to be made twice as loud. How much power will 
the amplifier have to deliver to the speaker for this condition? 

16. What is the difference in voltage amplification, expressed in deci- 
bels, {)etween an amplifier giving a voltage amplification of 400 
and one giving an amplification of 800? 

17. A certain amplifier is capable of outputting a maximum undis- 
torted power of 1.5 watts. How much louder will be the sound 
if the output is raised to 5 watts by the use of larger tubes and 
more amplification? Will this increase in power be worth while? 

18. Why should audio-frequency response curves be plotted to log- 
arithmic scales instead of to ordinary uniform or equally-divided 
scales? 

19. The plate resistance of a ’27 type amplifier tube is, say 10,000 
ohms. The inductance of the primary of the a-f transformer 
which is connected after it, is 50 henries, and it has a turns- 
ratio of 3 to 1. What is the amplification produced by this stage 
at 60, 100, 1,000 and 10,000 cycles (neglecting the ohmic resis- 
tance of the primary). Draw a graph showing the frequency 
response, with amplification plotted against frequency. Repeat 
this for a primary inductance of 200 henries. What is the ad- 
vantage of using the primary of larger inductance? 

20. What frequency range should an a-f amplifier be capable of 
amplifying uniformly for ordinary sound programs? 

21. What three main methods of coupling may be employed between 
the tubes in a-f amplifiers? 

22. Describe the construction of a typical a-f transformer? Why 
is the core laminated'! What is the advantage of using a steel 
core instead of an air core? 

23. Explain the action of an a-f transformer in an amplifier stage. 
Why is it desirable to have a high primary impedance, and a 
low distributed capacity in the windings? 

24. Why is it common practice to use a low-ratio a-f transformer 
following a detector tube? 

25. How does the use of a core of large cross-section area reduce the 
magnetic saturation effect in an a-f transformer? By what 
special circuit arrangement may this magnetic saturation effect 
be eliminated? 

26. Explain how resonance is obtained in the Clough audio system 
and show why this re.sonance incrca.ses the amplification obtained 
at the re.sonance frequency. What are the advantages of this 
method ? 

27. Draw a circuit diagram of a typical complete battery-operated 
receiver employing two stages of tuned r-f amplification, grid- 
bias detector and two stages of transformer-coupled a-f ampli- 
fication. 



AUDIO AMPUFICATION 


683 


28. Explain why an a-f amplifying stage employing a transformer 
of low turns-ratio may sometimes produce more amplification 
than one using a cheaper type of transformer of high turns-ratio. 

29. Explain the action of the resistance-coupled a-f amplifier, bring- 
ing out the effects produced by increasing or decreasing the 
values of the plate resistor, leak resistor and blocking condenser. 

30. What limits the value of the resistance which can be employed 
in the plate circuit in a resi.stance coupled amplifier? 

31. What particular advantage does resistance-coupling following 

a power detector tube have? 

32. Explain the causes of “motorboating” in an amplifier. Show 
how this may be eliminated. 

33. Draw a circuit diagram, and explain the operation of the imped- 
ance-coupled type of a-f amplifier. What advantage does this 
possess over the resistance-coupled type? 

34. What is the advantage oi the autoformer impedance-coupled 
amplifier over the ordinary impedance-coupled type? 

36. Explain the operation of a 2-tube Loftin-White a-f amplifier, 
showing how the various plate and grid bias voltages are ob- 
tained, and how the hum voltage is neutralized. What are the 
advantages of this system over the ordinary resistance-capacity 
coupled amplifier? 

36. • What are the particular characteristics desirable in an inter- 

stage amplifier tube; in a power amplifier tube? What special 
features in the construction of power amplifier tubes are re- 
sponsible for these characteristics? 

37. A ’45 type power amplifier tube is to feed its electrical output to 
a loud speaker connected in its plate circuit. If the a-c plate 
resistance of the tube is 1750 ohms, what must be the imped- 
ance of the speaker in order that maximum poiver be delivered 
to it, for a given signal voltage? How much power will this 
be if mu=3.5, and the peak signal voltage is 30 volts? 

38. What must be the speaker impedance in problem 37, if the maxi- 
mum undistorted power output of the tube, for this signal volt- 
age, is to be put directly into the speaker. What would this 
output be? 

39. Assume the speaker in problem 38 to have an impedance of 15 
ohms. What must be the primary impedance and turns-ratio 
of an impedance-adjusting coupling transformer to couple it 
to the tube, if th** maximum undistorted power output for this 
signal voltage is to be obtained? 

40. Draw a circuit diagram of, and describe the operation of a 
choke-condenser type of output coupler for coupling a magnetic 
type cone speaker to a power tube. Why is this needed? Why 
should the speaker circuit be returned directly to Ihe filament 
circuit? 
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41. Explain the difference between “frequency distortion” and wave- 
form distortion of an a-f amplifier. Explain with the aid of 
diagrams, the various operating conditions which may cause 
each. 

42. Explain the action of the push-pull amplifier in detail. Explain 
how it eliminates the “second harmonic” distortion. 

43. List three advantages of the push-pull connection over the sin- 
gle tube, and parallel connections, and explain. 

44. A single '45 type tube operated at maximum rated plate voltage 
is to be used as a power output tube, (a) What maximum peak 
value of signal voltage may be applied to it; (b) What maximum 
undistorted power may be obtained from it when this signal 
voltage is applied; (c) What value of load impedance is required 
for this condition? (Use chart of Fig. 214.) 

45. The amplifier stage in question 44 is replaced by a push-pull 
stage using ’45 type tubes, (a) What is the value of the undis- 
torted power output which will now be obtained if the same 
signal voltage as specified in question 44 is applied to each tube; 
(b) what value of load impedance is required for this? Com- 
pare your results with those found in question 44. 

46. An output stage for an a-c electric radio receiver is to be de- 
signed. The peak value of the signal voltage applied across the 
primary of the 3 to 1 a-f transformer which couples this stage 
to the preceeding amplifier tube is 15 volts. What type of out- 
put stage and tubes would you employ? What undistorted pow- 
er output would be supplied to the load when this signal was 
applied? 

47 The push-pull output stage of a public-address amplifier must 
supply electrical power to operate four permanent-magnet mag- 
netic, and three medium-size electro-dynamic loud speakers, at 
full volume. About how much power must it supply. What 
type of tubes and what connection would you employ in the out- 
put stage, single, parallel or push-pull? Why? 

48. Draw the circuit diagram of a tone control which will reduce 
(a) the low frequency response; (b) the high frequency re- 
spon.se; (c) either of the two. Explain how each affects the 
sound issuing from the loud speaker, as judged by the ear 
Which type is more desirable? 

49. What features of the push-pull connection make it desirable for 
use in “power amplifiers”? 

50. Draw a sketch showing the connections for a 2-stage dual push- 
pull amplifier What is the advantage of dual push-pull? 
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LOUD SPEAKERS 

TASK OF THE LOUD SPEAKER — PARTS OF A LOUD SPEAKER — CLASSIFICATION 
OF DRIVING UNITS — IRON DIAPHRAGM UNIT — BALANCED ARMATURE — IN- 
DUCTOR TYPE DRIVING UNIT — MOVING COIL DRIVING UNITS — THE MOVING 
COIL SPEAKER WITH ELECTROMAGNETIC FIELD — THE FIELD OR “POT” — THE 
“VOICE-COIL” AND INPUT TRANSFORMER — THE INPUT FILTER OR “EQUAL- 
IZER” — FIXED EDGE CONE DIAPHRAGM — FREE EDGE CONE DIAPHRAGM — 
CONSTRUCTION OF THE DIAPHRAGM — COMPLETE MOVING COIL SPEAKER — 
BAFFLE — PERMANENT MAGNET MOVING-COIL SPEAKERS — HORN SPEAKERS 
POSSIBLE SHAPES OF HORNS — EXPONENTIAL HORN — CUT-OFF FREQUENCY 
EXPONENTIAL HORN DESIGN — MATERIAL AND SHAPE OF HORN — HIGH 
FREQUENCY HORN SPEAKER — CONNECTING SEVERAL SPEAKERS — CONDEN- 
SER TYPE SPEAKER — DESIRABLE SPEAKER CHARACTERISTICS — COMBINING 
SPEAKER CHARACTERISTICS — REVIEW QUESTIONS. 

452. Task of the loud speaker: We have advanced in our pro- 
gressive study of radio receivers to the output circuit of the audio ampli- 
fier. Here we have the amplified audio-frequency voltage or current 
whose wave-form is continually changing in accordance with the wave- 
form of the sound acting on the microphone of the broadcasting station 
at the time. The next link in our radio receiving .system is to convert the 
electrical power delivered by the power amplifier stage in the audio ampli- 
fier, into sound energy or waves of similar wave-form, which travel out 
to the ears of the li.stener and produce the sensation of sound in the brain, 
(see Fig. 300 ). We found during our study of the simple crystal-detector 
receiver system that earphones could be used for this purpose, but these 
are -not satisfactory since they must be held close to the ears. Modern 
standards of home reception demand that the reproducer handle a suf- 
ficient amount of electrical energy to enable it to produce sound waves 
sufficiently intense to be easily heard and distinguished anywhere in a room 
of at least ordinary size. For public-address and sound-picture work, 
the volume of sound produced must be sufficient to be heard by large as- 
.sembled audiences everywhere in large halls, auditoriums, theatres, etc. 
This is accomplished by the loud speaker or reproducer. The loud speaker 
really converts the electrical energy which is supplied to it, into sound 
waves, or sound energy. For this reason it is Sometimes called an electro- 
acoustic transducer. Before proceeding with the study of the various 
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types it would be well to understand just what the requirements for a 
satisfactory loud speaker are. 

The loud speaker should be reasonably free from wave-form distortion, i.e., at 
every instant it should produce a wave of sound pressure exactly corresponding to the 
wave-form of the electrical voltage impressed on it at that instant. It should also be 
reasonably free from frequency-distortion, which means that it must respond fairly 
uniformly to all audio frequencies which may be applied to it. Another requirement 
IS that a loud speaker should have a linear response with respect to the strength of 
the signal-voltage applied to it. This means that its sound output must be directly 
proportional to the electrical input, or in other words, it must be free from volume 
distortion over the volume range required. Of course it must also be able to stand 
the ordinary amount of abuse and misuse and should be economical in initial cost, main- 
tenance and operation. 

The question of the frequency-distortion of loud speakers is a rather flexible one, 
for, as we shall see later, it is possible to obtain very sati'-factory overall results with 
a loud speaker whose frequency response is not uniform, simply by designing the 
audio amplifier system proceeding it, with a non unit oim tieqiiency response which 
corrects that of the speaker. This is a common procedure in commercial receiver 
design. 

The efficiency with which commercial forms of loud speakers convert 
the electrical energy supplied into sound energy is very low. Most of them 
have efficiencies of less than 5 per cent, the poorer grades having efficien- 
cies of around 1 per cent. The best type in common use in sound-picture 
work has an efficiency of only about 30 per cent ! 

Many types of loud speakers, operating on a number of basically dif- 
ferent principles, have been invented. The reaction between a coil and 
eddy currents set up in a disc; the electrostatic attraction or repulsion 
between two charged metal plates ; thermal expansion and contraction of a 
wire with variation of current through the wire; the “talking” arc; the 
expansion and contraction of crystals under the intluence of an alternating 
electric field; all these and many other schemes have bpen used with more 
or less success. Practically all commercial speakers now in use depend 
upon the variation in the pull of a fixed magnet i permanent or electro- 
magnet type) on an iron bar, armature, iron diaphragm, or a coil carry- 
ing a current. Present-day loud speakers arc by no means perfect, but 
they are capable of very .satisfactory results. 

453. Parts of a loud speaker: Most loud speakers consist of 
two main parts. That which changes the varying audio-frequency volt- 
age or currents into mechanical vibrations is called the motor, drivmg 
unit, or receiver. The other part, which acts in conjunction with the 
“driving unit” to produce the vibration of the air particles may be either 
a flat surface, a conical surface, or a horn. We will study the construc- 
tion and operation of the various types of driving units first and will 
then proceed to a consideration of the commercial fofms of loud speakers 
and see how these driving unit.s are applied to change the electrical energy 
to sound energy. Since the electrostatic type of speaker does not have a 
separate and distinct driving unit, it will be considered separately, later. 

454. Classification of driving units: Any device in which motion 
is produced, when a varying electric current flows through it, consti- 
tutes the basis of a loud speaker driving unit. The object is to produce 
as large a movement of the diaphragm as possible, with the least amount 
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of variation of the current. Loud speaker driving units may be broadly 
classified into the following two types : 

(a) moving iron type 

(b) moving coil type. 

In the moving iron type, the attraction between the pole pieces of a 
permanent magnet and a magnetic diaphragm, rod, or reed is made to 
vary in accordance with the variations of the signal current flowing 
through coils of wire. Moving iron type driving units may be further 
subdivided into “iron diaphragm” and “balanced armature” types. In the 
moving coil type, the mechanical forces and motion are developed by the 
interaction of the varying magnetic field produced by the flow of the signal 
current in a conductor, and that set up by the strong magnet provided. 
This may be either a permanent magnet or an electro-magnet. Loud 
speakers in which the moving iron type driving units are employed, are 
commonly called magnetic speakers and those with the moving coil type 
of driving unit are commonly called dynamic or electro-dynamic speakers. 
These names are unfortunate, because properly speaking, both types of 
speakers are “magnetic” in that the mechanical forces developed result 
from magnetic reactions. Also, properly speaking, all forms of loud 
speakers are “dynamic”, because the motion is caused by a force. How- 
ever, these popular terms are in common use and have become so firmly 
entrenched in the language of the radio industry that it is doubtful if they 
will ever be changed. 

4S5. Iron diaphragm unit: The iron diaphragm type of loud 
speaker unit is of the “moving iron” type, and has the same general 
construction as the ordinary earphone described in Articles 250 and 251. 



FI|f 338 — Iron diaDhraRni type of loud speaker unit The horseshoe shaped permanent magnet 
and soft iron pole piet es are shown at the left. A cross-section of the complete 
assembled unit is shown at the right. The windings are placed over the pole 


piei es 


However, when built for use in a loud speaker, it is constructed with a 
larger magnet, coils and diaphragm since it must handle more energy than 
when used in earphones. Fig. 338 shows the arrangement of the U-shaped 
permanent magnet and soft iron pole pieces. A cross-section view of the 
entire unit assembled, is also shown. It operates in exactly the same way 
as described in Article 251, the movemenis of the diaphragm setting up 
the vibrations of the air particles directly. 

A serious objection to this type of unit is that the diaphragm is* under stress 
and is deflected by the magnetic fleld of the permanent magnet even when no signal is 
being received (see Fig. 181 ). This limits the amplitude of vibration of the dia- 
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phraerm possible without rattling by striking against the pole pieces, when a strong sig- 
nal IS being received. If a unit of this type is to be sensitive, the air gap between 
the diaphragm and the pole pieces must be kept small so the field will be strong. This 
reduces the working amplitude of vibration possible without striking the pole pieces, 
and makes the unit unsuited for large volume. If the air-gap is made larger to per> 
mit of the large amplitudes of vibration necessary for large volume, the unit is not 
sensitive on weak signals. Also, the diaphragm being of iron, is comparatively stiff. 
This makes it difficult to build a unit of this type having good frequency-response. 
The diaphragm usually resonates at certain frequencies, causing abnormal response 
to notes of these frequencies. For these reasons, this type of loud speaker unit is no 
longer used much, although it was the most popular type in the early days of radio. 


456. Balanced armature: The balanced armature driving unit v/ 2 ls 
developed in an effort to eliminate the objectionable features of the iron 
diaphragm unit, as regards “rattling” or “chattering” on strong signals, 
and low sensitivity on weak signals. The “initial pull” or deflection caused 



Fir 339— Balanred armature driving unit 
W'th its roil connect<“d to the plate 
ciTf uil of a power tube through a 
choke -condenser coupling The 
armature drives the diaphragm in 
the throat of a horn 



Fig 340 — A balan* ed annature diiving unii 
with us arnialur»* .\rranged to 
drive Ihe papei rone m .i in«>ving- 
iron cone type loud spe.aker N'o- 
tue the horseshoe “.iMped perma- 
nent magnet, and the pole pieces 
.It the end. with tlie small rer - 
langular iron-armatwre between 


by the permanent magrnet in the iron diaphragm type unit is eliminated 
by a clever construction which balances the initial pull of one pole against 
that of the other. Hence the name balanced armature unit. 

Fig. 339 shows a diagrammatic sketch of a balanced armature type 
unit connected through an output filter to the output circuit of the power 
tube in the audio amplifier of a receiver. This particular unit is designed 
to vibrate the diaphragm D, in the throat of a horn speaker. A short, 
soft-iron bar, armature, or reed, A is pivoted at its center, so its ends are 
free to swing back and forth like a see-saw about this pivot. Each end 
of the armature moves between two pole piece.s of the permanent magnet, 
and these are arranged with the relative magnetic polarity shown. Around 
the armature is a stationary coil consisting .of several thousand turns of 
fine wire through which the signal current is sent. Enough clearance is 
provided between the armature and the inside of the coil so the motion of 
the armature is not restricted. 
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When no current flows through the coil, the armature takes a '‘center”, or “balanced”, 
position between the pole pieces, since the pulls of the pole pieces neutralize each other. 
Hence, the name “balanced armature dnit”. When the signal current flows through 
the coil, it magnetizes the soft iron armature rod. Suppose the direction of the cur- 
rent is such that the top end becomes a N pole and the bottom end becomes a S pole. 
Then the top end will be repelled by the N pole-pieces of the magnet and attracted 
by the S pole-piece. Therefore it would tend to move to the left. Since the bottom 
end IS attracted by the N pole at the right, and repelled by the S pole at the left, it 
moves to the right. Hence, the two actions assist each other. The amount of deflec- 
tion of the armature is nearly proportional to the strength of the signal current flow- 
ing through the coil, so it moves in accordance with the variations in the current. 
When an audio signal current flows through the coil, the armature vibrates back and 
forth very rapidly between the pole pieces. It may be fastened either directly as in 
Fig. 339, or by a simple lever system as at the left of Fig. 348, to either a flat diaphragm 
in the base of a horn, or a cone diaphragm, so as to impart its motion to the diaphragm 
m order to vibrate a larger volume of air and thus create a louder sound. As equal 
pulls are produced at each end of the armature, the motion is “balanced”. The amp- 
litude of vibration of the diaphragm may be increased and the pushing force de- 
creased, or the motion may be decreased and the pushing force increased, by suitable 
mechanical lever linkages between the armature and the cone or diaphragm. 

Units of this type made for use with long horns usually have a wide 
flat, thin armature, to secure a great driving force. The diaphragm can 
be made of a flat thin piece of mica or aluminum, for lightness. Fig. 340 
.shows a unit of this type which is used as the driving unit for a cone 
speaker diaphragm. Notice the pole pieces at the end of the permanent 
horseshoe magnet. Another unit of this type is shown in Fig. 51. It is 
important that an output coupler consisting of a choke coil and condenser 
as in Fig. 339, or an output transformer, (see Article 446), be used 
with units of this type to keep the direct plate current of the power tube 
out of the winding, and allow only the varying signal current to flow 
through. 

The balanced armature driving unit has been developed to a high 
degree of perfection and will give very good performance if it is operated 
properly with some regard for its limitations. It was the most popular 
type of unit for several years, and is especially useful in connection with 
battery-operated receivers. One of its serious limitations is that for good 
sensitivity, the air gap between the armature and pole pieces must be 
made very small to reduce the reluctance of the magnetic circuit and ob- 
tain a strong magnetic field. This is objectionable when receiving loud 
low notes, since the movement of the armature may be so great that its ends 
strike the pole-pieces, causing a rattling sound. If the air-gap is made 
large in order to provide for greater amplitude of vibration, the strength 
of the field decreases, with proportionate loss in sensitivity. If this is 
compensated for by increasing the number of turns on the coil, the high 
frequencies will not be rep-oduced, because of the increased distributed 
capacity of the coils causing a by -passing effect to the currents of these fre- 
quencies. However, for moderate amounts of volume, this type of unit is 
satisfactory especially when the cost is considered as a factor. 

457. Inductor<type driving unit: The inductor driving unit is 
a moving iron type speaker of the balanced armature type in which the 
armature moves longitudinally between the pole pieces instead of cross- 
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wise. In this w’ay the limitation due to the armature striking the pole 
pieces, on loud signals is overcome. This type of driving unit is often 
called an inductor dynamic unit. It uses tw’o powerful U-shaped perma- 
nent magnets, (see Fig. 341) , to supply the steady magnetic field. Instead 
of the usual moving coil or armature bar, the armature consists of two 
separate iron rods, Ai and Aj, in Fig. 342, connected by tie rods as shown, 
each bar working between its respective pole faces. 

The armature has a reciprocating motion instead of a swinging one. The coils 
C, and C., are connected in series and consist of several thousand turns of fine magnet 
wire wound on bobbins which are slipped over the pole legs. The action is as follows; 




I, eft -Fig 34! — Complete inductor-type 
(Ir'tiriK^ unit attached to the 'pidcr frame 
and p.iper tone diapliraK'x iti form a 
t tiiupiet** .speaker 


H.Kht K .141! ('ross-st'Ct ion vie\% 

siinwmt; the rcl.ili\»* positions of the 
lips, lO'Is, .irinature. rod and 
spnriK*' »n the inductor-type driving 
utiir Th** .trm.'itiire Al -A2 iiiove.s side- 

ISf* 


The armaturo assembly rules freely between the pole |)ieees P, ami P_.. A signal 
current flowin;: thruufrh the wmdin^f in the direction indicalid, will increase the flux 
(majjnetic field) Ihroupih the pole Ie^;s P, and decrease the flux throu^rh the pole Iej;s 
Po (remembering: that the mat:netic lines of force of a magnet flow from the north 
pole across the air j:ap tf) the south pole as shown by the arrovss). The flux, seeking: 
the path of least reluctann , exerts a ^creater ff)rce on the armature* bar A, than on 
bar Ao since it is nearer to the pole piece, and the force on Aj is f:reatt*r than that on 
Ao, thus moving the armaMir*- the h*ft. On the rf*verse of the cycle the armature 
moves in the opposite direction in the same manner. The pole leps are rut to the shape 
indicated, to reduce the leaka^re flux and to brmj: the prreatest flux density to the most 
desired point. 

If the inside spacing between the armature bars is equal to the center spacinf^ of 
the pole faces, the flux in the magnetic circuit P, A, P, varies IHO" out of phase with 
the flux in the circuit P.. A., P.. as the armature is moved to its two extremes. This 
would ^ive extreme sensitivity but there would then be no mafrnetic restorinf: force. 
If the armature bars are brought closer together, a distance corresponding to 18 
electrical degVees, the resulting sensitivity is slightly decreased but there will be a 
restoring force set up, which will restore the armature to its initial position. The 
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total flux is greatest when the armature is in its “at rest” position and represents 
the magnetic restoring force, or, the “magnetic stiffness.” This is the design used in 
practice. It is evident that any d-c component of current flowing through the wind- 
ings would change the position of the armature by moving it to one side or the other, 
thus reducing its limit of motion in one direction. For this reason there must be no 
d-c flowing through the windings, thus making it necessary to use an output trans- 
former or a choke and condenser. However, if the loud speaker is to be used with a 
push-pull amplifier, its winding may be used as an output choke and connected directly 
in the plate circuit of the push-pull tubes. A third lead may be taken from the wind- 
ings at the point where the two coils are connected together and used as the mid-tap 
of the windings. This corresponds to the mid-tap on the primary of the usual push- 
pull output transformer. Doing away with the output transformer in this manner 
does away with its attendant losses and the gain is readily noticed by the ear. 

It has been found that matching the impedance of the inductor dyna- 
mic to that of the amplifier with which it is to be used is of great impor- 
tance. If the loud speaker has too high an impedance for that of the amp- 
lifier tubes with which it is used, the 'efficiency is lowered at the higher fre- 
quencies and increased at the lower frequencies. Since these loud speakers 
are made in several different models, each having a different impedance, 
and distinguished by a different color marking on the chassis, this feature 
affords the listener a chance to select a loud speaker which will give the 
balance of high and low frequencies which is most pleasing to him. A 
complete loud speaker of this type is shown in Fig. 341. The unit drives 
a cone-shaped paper diaphragm, both being supported by the rigid metal 
frame. Notice the two horseshoe-shaped permanent magnets. 

The advantages of this type of speaker are, that since the armature 
moves in a line parallel to the pole faces, it can be constructed to be sensi- 
tive due to the small air gap, and yet produce large amplitudes of vibra- 
tion without striking the pole pieces. The armature moves over one- 
eighth inch when reproducing loud, low notes. Also the use of strong 
permanent magnets makes the unit cheap and simple and there is no 
possibility of objectionable hum being introduced by the speaker when 
used in electrically operated receivers, since it does not contain any electric 
light power supply, rectifiers, etc. It is particularly adapted for use with 
battery operated receivers for home use, in automobiles, etc. 

The name inductor-dynamic originates from the fact that the motion 
or force (“dynamic”) is derived from a magnetic induction action (“in- 
ductor”) similar to that in an a-c induction motor, where a rotor re- 
volves under the influence of a changing magnetic field. Units of this type 
are usually used to drive 10 or 12 inch speaker cones for setting the air 
in vibration and producing sound waves. 

458. Moving-coil driving units: In the moving-coil type of driv- 
ing unit, a very small, exceedingly light cylindrical coil of wire (voice- 
coil) carrying the signal current, moves back and forth in the annular 
magnetic field between two concentric strong magnetic poles. The coil 
is attached (usually directly) to a paper cone, or a non-m*agnetie dia- 
phragm when used with a horn. The magnet may be either a permanent 
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magnet or an electro-magnet. The latter type will be studied first, as it 
is the most popular. 

459. The moving-coil speaker with electromagnet: The moving- 
coil type of speaker unit (commonly called the electro-dynamic speaker), 
differs from those already described, in that the audio-frequency signal 
current fiows through a small exceedingly light, cylindrical coil of wire 
called the moving-coil or voice-coil, mounted so it “floats” in the intense 
radial m'agnetic field in the small circular gap between the central core 
and the end ring of a powerful electromagnet, as shown in Fig. 346A. 
The current flowing through the coil produces a magnetic field of its own. 
The action of the two fields produces a force which moves the coil along 
the axis of the core. Since the signal current varies in strength, the force 
acting on the voice-coil also varies accordingly, so it vibrates back and 
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f* IK 343 — Left Cut-op€n view of an electro- dynamic’ iyr»- loud .sixuiker having a moving 
coil driving a cone type diaphragm The ron.struction of the- field magnet winding, 
Held core and outaide shell are clearly shown 

Right A typical auditorium type electro-dynamic speaker designed to handle large 
input power The rectifier tube in the foreground is for .supplying the d-c field cur- 
rent from the a-c electric light socket 

forth in the direction of the axis of the central circular core, the move 
ment being proportional to the increase or decrea.se of the curr(*nt at (?very 
instant. Since the coil moves along the axis of the core, it may vibrate 
over large distances without striking anything, hence it may be ii.sed for 
loud reproduction of even the lowest notes without danger of rattling due 
to striking pole-pieces, etc. This is one of the most important advan- 
t^es of thi.s form of driving unit. The relation of the variou.s parts is 
shown at ^A) of Fig. 343. This shows a section view of a moving coil 
unit with an electromagnet supplying the strong magnetic field. The 
moving-coil is attached directly to a cone-shaped paper diaphragm of the 
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free-edge type, as shown at Fig. 346A. A typical commercial electro- 
dynamic loud speaker of this type, suitable for use in large auditoriums, is 
also shown in Fig. 343. This will handle as much as 20 watts of electrical 
energy fed to it by a power amplifier. We will now proceed to study the 
design and construction of the various parts of a driving unit of this type. 
These are shown in P"ig. 350. 

460. The field or “pot’*: The electromagnet which supplies the 
strong steady magnetic field in which the voice coil is suspended, is com- 
monly called the field magnet or the field pot. The stronger the audio cur- 
rents through the moving coil and the greater the value of the steady flux 
due to the field, the greater is the movement of the cone and therefore the 
louder is the sound produced. It is of advantage therefore to produce as 
high a flux-density as possible in the air-gap. Commercially, the loud speak- 
er manufacturer designs the units for maximum flux density consistent 
with reasonable cost and a reasonable amount of power consumption from 
the source supplying the field power. In order to secure as strong a field as 
possible, the field winding is w’ound on the center core-leg and is surrounded 
by the magnetic steel shell which forms part of the magnetic circuit (see 
Fig. 343). This forms an iron-clad magnet. And since the lines of force 
have practically a complete path in the steel, a very stifong field is pro- 
duced for a given number of ampere-turns in the field winding. 

Two general typ^^s of field magnet structure are to be found, cast and stamped. 
Cast steel or malleable iron is usually used with the cast design, while ingot or Swedish 
iron IS used m many cases when the stamped design is used. Ingot iron is a better 
magnetic material than the cast product so that a lighter field assembly is permissible. 
Any material of a magnetic nature can be used with equal results if sufficient weight 
is used. In the case of cast iron, for instance, the total weight required would be so 
much greater that it is not economical The increased tendency toward the use of 
stamped field pots (see Fig. 350), is due to this higher efficiency and to the elimination 
of many machining operations necessary wnth the cast product 

The field winding consists of a large number of turns of enameled 
copper wire wound to fill the space between the center core and the out- 
side part of the field pot (see left of Fig. 343). About 800 ampere-turns 
are arbitrarily used in small speakers, and from 1,000 to 2,000 ampere- 
turns are used in the larger ones A greater magnetizing force is thus em- 
ployed in the larger units. Electric power to energize the field winding 
may be obtained from a storage battery, from the filter system in a “B** 
power supply unit, or from the electric light socket. 

When the field current is supplied from a 6 volt storage battery, the 
field coil is wound with rather thick wire (about No. 20 B. & S.), since 
it must have a low resistance in order that the 6 volts may force about 
1 or 2 amperes through it. Most fields of this type are designed to oper- 
ate at medium field strength direct from a 6 volt storage battery, or at 
increased strength from a 12 volt battery. A typical field winding of this 
type contains about 1600 turns of No. 20 wire, its resistance being 8.5 
ohms. At 6 volts it takes 0.7 amp., and 4.2 watts of electrical energy are 
being used in it steadily merely to produce the intense magnetic field. 
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In most electrically operated receivers, the field winding of the electro- 
dynamic speaker is used as a choke in the filter circuit of the "B” power 
supply device by connecting it in the filter as shown in Fig. 344. The 
steady direct “B” current furnished by the “B” power supply flows 
through this fleld winding and so energizes it. In this way the problem 
of field current supply is solved simply and the cost of a choke coil in the 
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Fif 344 — Left Connection of the speaker flield as a Alter choke in the B power supply unit 
In this way the energizing held current is supplied and the Aeld performs a very 
useful purpose besides 

Right A typical dynamic speaker with a 2500 ohm Aeld coil designed to be con- 
nected as a Alter choke in the power supply unit of the radio re<*eiver with which 
It IS used. The Input transformer is at the lower right 


filter system is saved, since the field coil consisting of many turns of wire 
wound on a magnetic core has quite a high inductance, and acts as an ex- 
cellent choke coil. It also saves the cost of a power transformer and rectifier 
which would otherwise be required for the speaker, as we shall see. In 
many cases the field coil of the speaker is the only choke used in the filter 
of the “B”-supply system. Several ways of connecting the field will be stud- 
ied in detail later when “B”-supply systems are considered. As we shall 
see in Art. 510 the voltage drop across the speaker field may also be made 
to serve as a voltage-divider or as a source of grid-bias voltage in the re- 
ceiver, thus saving the cost of the separate resistors which are ordinarily 
used for thils purpose. 

It IS evident that satisfactory results with this method of field supply can only 
be obtained when the proper value of current which is required to fully enerj^ize the 
field 18 sent through it. It may be nece.ssary to connect a bleeder resistor across the 
iine at some point following the speaker, in order to increase the current to the proper 
value required by the field. Fields devijrned to receive their energizing current in 
this way are made w'ith various values of resistance and with various current require- 
ments. Representative windings of this type are: 22,000 turns of No. 34 wire, resis- 
tance 2.500 ohms, operated on 110 volt.s, 44 milliamperes ; 39,000 turns of No. 36 wire, 
resistance 7,500 ohms, 180 volts, 24 milliamperes. Other field resistances which are 
commonly employed are 650 ohms, 1,000, 1,200, 1,400, 1,600. 1.800, 2,0(K) 2.250. 
3.000 and 5,Q00. A speaker of thi.s type is shown at the right of Fig. 344. Where 
a 110 volt or 220 volt d-c electric light line i.s available, the field winding may be 
energized by connecting it directly across this line, providing the field has the 
proper resistance and current rating. 
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When current from the 110 volt a-c electric light line is to be used to 
energize the speaker field, as in the case of public-address systems, out- 
door announcing, small theatres, etc., some form of rectifier and filter 
must be employed, for if alternating current were sent through the field 
an alternating magnetic flux would be produced. This of itself would 
cause the voice-coil and the attached diaphragm to vibrate in accordance 
with these field variations, producing a loud, objectionable, low-pitched 
hum. The current supplied to the field must be absolutely uniform and 
smooth in order to create a field always in one direction, and unchanging 
in value. Two types of rectifiers are used for changing the a-c to d-c. 
One is the dry-plate copper-oxide or cupric-sulphide type (see Article 214) 
and the other is the common vacuum tube type. 

When a dry-plate rectifier is employed, the 110 volt a-c line voltage 
is usually stepped down to about 12 volts at about 1/2 ampere by a step- 
down transformer (see (G) in Fig. 350). The secondary connects to the 
copper-oxide rectifier, and the rectified current flows through the speaker 
field, as shown at the left of Fig. 345. A speaker of this type is shown 
at the right of F'ig. 346. 

The current supplied by a rectifier of this type is a pulsating “direct current with 
ripples of 120 cycles. It is evident that the magnetic field produced by this current 
will also fluctuate. Since the voice-coil is in the field of this flux, there will be a 
reaction between it and the varying magnetic flux and the coil will tend to move, its 
movements^having the same frequency as that of the field current. If the diaphragm 


CONE INPUT 




345 -I.eft How a dry-plate rectifier may be connected to the speaker field coil Hum may 
he reduced by a dry electrolytic filter condenser or a "hum bucking" coil. 

Kight How a vacuum tube lectifier and power transformer may be connected to 
< harigc the a-c line current to smooth d-c for the field coil 


or cone moves, sound waves of this frequency are produced, and an audible hum re- 
sults. The effect of this pulsating field current can be reduced greatly by a small 
stationary **buckmg" or "hum rutraliztng” coil which is wound around, the pole- 
piece of the electro magnet (see Fig. 345) and near the moving coil. It is connected 
m series with the moving coil and the secondary of the coupling transformer. As 
the bucking coil is also in the magnetic field, it has induced in it a num-voltage corres- 
ponding in frequency so that of the pulsating field current. By making the bucking 
coil of the proper number of turns, and connecting it in the proper direction, its in- 
duced hum-voltage can.be made equal and opposite to that induced directly into the 
moving coil by the pulsating magnetic flux of the field coil. Therefore, these two in- 
duced hum-voltages will balance each other and the hum is preyented, or at least 
greatly reduced. 
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One disadvantage of the bucking coil is that it also tends to reduce the response to 
signals around the hum-frequency of 60 and 120 cycles and therefore results in slightly 
weakened low-frequency response. 

Obviously the bucking coil method of hum reduction is only practical when the 
coil can be included in the speaker at the time of manufacture. A very effective way 
of eliminating hum in any existing dynamic speaker which uses the low-voltage type 
of dry-rectifier, is shown at the left of Fig. 345. A dry “A” electrolytic low-voltage 
type filter-condenser of from 1,500 to 2,000 mfd. capacity is connected across the field 
coil. This large capacity serves to filter or smooth out all ripples in the field current. 
It should be remembered, however, that these condensers can be used only on speakers 
in which the low-voltage (about 15 volts) type of dry-rectifier is used, as they have a 
very low breakdown voltage. 
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Pig 346 — Left Front view of an electro-dynamic speaker showiiiK f*ilt ring F cone C. and 
spider S 

Middle Electro-dynamic speaker with vacuum tube rectifier on the left The Input 
transformer is directly under the tube 

Right Electro-dynamic speaker with dry-plate rectifier mounted at its left 


In connecting the dry “A” condenser across the circuit, *t is important to make 
sure that the negative (black) lead of the condenser is connected to the negative side 
of the circuit, and that the positive (red) lead of the condenser is connected to the 
positive side of the circuit. The polarity of the circuit should be first determined 
with a voltmeter. 

Another arangement has been developed in which the hum-voltage induced in the 
voice-coil is counteracted and balanced out by electrical means instead of magnetic. In 
practice, this takes the form of a small adjustable-resistance having a value of 
approximately 2 or 3 ohms and connected in series with the field winding The 
alternating current voltage drop across this resistance is applied in oppf)sitc phase 
relationship in series with the voice-coil circuit, causing the hum-voltage to be com- 
pletely opposed, and resulting in zero hum. This device has the advantage that if 
the hum is introduced into the speaker from the radio set, it can also be balanced out, 
provided it is in phase, or in opposite phase, to the hum-current flowing in the movable- 
coil. Special high-voltage rectifier circuits using dry-plate rectifiers have also been 
devised, in which the rectifiers are connected directly to the Ime-rircuif and have an 
output around *60 volts. The field winding of the speaker may have a resistance of 
250 to 300 ohms in this case. 

Instead of using a dry-plate type rectifier for rectifying the 110-volt 
alternating line current for field supply, a vacuum tube rectifier may be 
employed and connected as shown at the right of Fig. 345, provided the 
field power requirements are not too great. The power transformer at the 
left has a high-voltage secondary winding connected to the plates of the 
rectifier tube and a low-voltage winding for furnishing filament 
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current to it. The connection of the tube is the same as is employed in 
the usual “B” power supply unit used in radio receivers. The pulsating 
output current is filtered or smoothed out by one or more 2 mf. filter con- 
densers in combination with the choking action of the high-inductance 
field c6il itself, so as to eliminate any a-c hum which would be set up by the 
speaker due to the 120-cycle fluctuations in field current. This does away 
with the necessity for any “hum-bucking^' coil. Also, the vacuum tube 
rectifier used is more reliable in operation than the dry-disc type of 
rectifier, and can very easily be replaced by the non-technical owner by 
simply plugging a new tube in the socket. The higher voltage used for 
the field makes filtering easy. Also since the current delivered to the field 
coil by the rectifier tube is in the order of 120 milliamperes, the field is 
wound with possibly 20,000 turns of fine wire of about No. 28 B. & S. A 
speaker of this type is shown at the right of Fig. 343. This is designed 
particularly for public-address work and can handle the output of ampli- 
fiers delivering as much as 20 watts of undistorted power. 

When the rectifier in a dynamic speaker is nearing the end of its 
useful life, the volume of the music diminishes and the hum increases 
to a high level due to the imperfect rectification produced. When in this 
condition, the rectifier must be replaced. The density of the magnetic flux 
in the air gap in which the voice-coil is placed, is as high as 120,000 lines of 
force per square inch in some speakers, thus insuring great sensitivity and 
freedom from distortion, at great power. 

461. The ‘‘voice-coil” and input transformer: A typical voice- 
coil is wound with about 90 turns of No. 32 enamelled wire in several 
layers on a light thin, tubular form usually of Bakelite. Since the end 
turns must always be taken off from the same end of the coil, an even 
number of layers of wire are generally used, usually two or four. The 
voice-coil form is rigidly fastened to the cone-shaped paper diaphragm. 
As the clearance between the sides of the voice-coil and the field core is 

only a few thousandths of an inch, the coil is us- 
ually kept permanently centered in a “floating 
position" by means of some sort of flexible “spi- 
der" arrangement which does not seriously inter- 
fere with the motion of the coil. The thin spider S 
shown in the speaker at the left of Fig. 346 is an 
example of this construction. Its center is bolted 
to the center of the center core leg, and its out 
side edge is fastened to the cone. 

It is necessary that the voice-coil be free to 
move in and out of the gap at all times without 
touching any part of the field structure. In cases 
where the coil touches, a loud buzzing or scratching sound destroys the 
quality of the speaker. In this case it must be re-centered irf the air gap. 
To do this, loosen the spider-fastening screws, or the center screw on the 



Fig 346 A — Vlow the voire 
coll is f.'iatened to the cone 
and is suspended in the an- 
nular space between the 
center core and pole piece 
of a movlng-coll type 
speaker 
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spider if one is provided. Roll a piece of wrapping paper into the form 
of a small tube, such that it may be slipped between the center core-leg and 
the inside of the moving-coil form. This centers the coil. Now tighten the 
fastening screws and remove the paper. The cone should now be centered 
so it moves freely. In many cases, the cone on a well-designed speaker 
will move a total distance of three-sixteenths to three-eighths of an inch. 
This motion occurs when loud low-frequency notes are being reproduced, 
and causes a large variation in the air pressure at a given instant between 
the front and back of the cone. 

As the voice coil contains a comparatively few numbers of turns, its 
inductance is small. Therefore it has a low impedance and acts practically 
like a pure resistance, its impedance increasing very little with increase in 
frequency over the audio range. This latter feature is very desirable 
since it is desired to have the speaker respond alike to all frequencies. In 
one commercial unit, the d-c resistance of the 92-turn moving coil is 4.3 
ohms. The impedance of voice coils in moving coil speakers is considered 
as being about 10 ohms. However, there are a few makes of speakers 
with a voice coil consisting of a single turn of thin copper or duralumium 
ribbon having an impedance of less than .001 ohm. Since the impedance 
of the moving coil is much less than the plate resistance of any power 
amplifier tube it might be worked out of, in order to secure an efficient 
transfer of undistorted power from the plate circuit of the tube to the 
voice coil, an impedance-adjusting transformer of proper design must be 
used. This transformer is often called an output transformer when re- 
ferring to the receiving set and an input transformer when referring to 
the speaker, (see Arts. 445 and 446). 

Practically all electro-dynamic speakers contain an input transformer 
(the input transformer on the speaker at the right of Fig. 344 is clearly 
.shown), designed with a high enough primary impedance to work effi- 
ciently out of standard types of 3-electrode tubes. When pentode tubes 
are used, a transformer having a special impedance ratio for them is nec- 
essary. The input transformer consists, like an audio transformer, of 
two coils of insulated wire wound on a laminated iron core. It is wound 
to match the plate impedance of the power tube to the lower impedance 
of the moving coil. As the impedance of a coil varies as the square of 
the number of turns, the transformer is designed so that the square of 
the ratio of the secondary turns to the primary turns is equal to the ratio 
of the voice-coil impedance to the desired primary impedance (see Art. 
445). This may be illustrated by the following problem. 

Problem; The 10 ohm voice coil of a moving coil speaker is to be efficiently coupled 
to the plate circuit of a '46 type power tube whose plate resistance is 1900 
ohms. What must be the primary impedance and turns-ratio of the input 
transformer? 

Solution: For maximum undistorted power output, the load impedance for a 3-elec- 
trode tube should be equal to about twice the plate resistance. Since the 
primary of the input transformer is the load impedance in this case, its 
impedance should be 1900X 2=3800 ohms. Therefore the turns-ratio is 
found from 
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( Tsec \2 10 

T pnm / ~ 3,800 

Tsec / 10 1 

-=\/ = Ans. 

T prim 3,800 19.5 

The primary should have enough turns so as to have an impedance of 3800 ohms, and 
the secondary should have 1/19.6 as many turns as the primary. 

When a push-pull output stage is used, it must be remembered that 
the output plate resistance is equal to twice that of one of the tubes. Thus, 
in this problem, if two 245 tubes in push-pull had been specified, the out- 
put plate resistance would be 2 x 1,900, or 3,800 ohms. In order to se- 
cure the maximum undistorted power output, the plate load would have to 
be 3,800 X 2, or 7,600 ohms. For two similar output tubes connected in 
parallel, the output plate resistance is equal to one-half that of a single tube. 

The connection of the input transformer T, between the voice coil 
and power amplifier tube of a receiver is shown in Fig. 347. The proper 
input transformer is usually included with the dynamic speaker, so that 
when a dynamic speaker is connected to a receiver which has an output 
transformer or output filter in it, the output transformer or filter should 
be disconnected from the receiver first, and the dynamic speaker input ter- 
minals connected directly in the plate circuit of the power tube. Some 
manufacturers use a tapped primary on the input transformer so that 
proper matching can be obtained with any type of tube, for best perform- 
ance. Because coupling ratios are not critical, it is fairly safe to say that 
any commercial dynamic loud speaker unit may be satisfactorily connected 
to the output of almost any receiver, unless pentode tubes are used. In 
cases where power pentode tubes are used, more efficient results can be 
obtained by using a special coupling transformer designed for them. 

In receivers having push-pull output, satisfactory operation will be 
obtained with most commercial dynamic speakers by connecting them 
directly to the set output terminals (secondary terminals of push-pull out- 
put transformer in set). Some sets use a special push-pull output trans- 
former having only a few secondary turns matched to operate directly 
into the voice coil winding of the conventional type of dynamic speaker, 
omitting the input transformer in the speaker. In this case, the push-pull 
output transformer secondary should be connected directly to the voice 
coil only, or else the regular dynamic speaker input terminals should be 
connected directly to the outer terminals of the primary of the set output 
transformer, ignoring the secondary terminals of this transformer en- 
tirely. 

462 . The input hlter or “equalizer": Many makes of electro- 
dynamic loud speakers have some form of filter or equalizer included as an 
integral part of them. These filters or equalizers cut off the reproduction 
above certain frequencies, or cause a power loss at some frequencies in 
order to reduce the abnormal loudness which would otherwise occur at 
those frequencies because of some “resonance condition,” etc. 
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The most general type of filter consists of a simple “pi” low-pass filter con- 
sisting of a 100-200 millihenry inductance in series with the primary of the input 
transformer, and a 0.01 to .02 mfd. condenser across the line at each side of the in- 



IN SIT 

Fig 347— Eleelrr.-dynari.ic speaker with the 
\f,.iC€-coil ronnfried lo the power 
aniplifler lube ihrouch an input 
transformer T with nn ‘egu^l- 
izer ■' A hole is rut in the baffle 
board to allow the sound waves 
to get through 


ductance. This form of filter cuts off the 
frequencies above its natural resonant fre- 
quency of about 4,000 cycles and has prac- 
tically no effect on the lower frequencies. 

A 4000-cycle cut-off is very difficult to 
notice as far as speech is concerned but 
some of the brilliance is lost, especially for 
music. 

Another form of filter or equalizer, 
shown in the diagram of Fig. 347, consists 
of a resistance, inductance and capacitance 
in series, connected across the primary of 
the input transformer. At the resonant 
frequency of this circuit the attenuation is 
greatest. By proportionating the values in 
this equalizer, the “dip” may be made sharp 
or broad, and deep or shallow, to remove a 
resonant peak in the loud speaker output. 
This form of equalizer may be used to re- 
move the peak where the wave-motion and 
plunger motion combine to cause an in- 
creased sound output. 

463. Fixed-edge cone dia- 
phragm: The vibrating armature 
of a moving-iron driving unit, or the 
voice-coil of a moving-coil unit do 
not set enough air in mocion, to 
create loud enough sound waves. 
Therefore they are always used to 
drive some form of sound radiator 
which may take the form of a flat 
diaphragm operated at the neck of 
a horn, or a cone-shaped paper dia- 
phragm. In the moving-iron type 
of driving unit, the armature usual- 
ly drives the apex of the cone, 
through a simple lever system of the 
form shown at the left of Fig. 348. 


Cone-shaped diaphragms may be of either of two types, the fixed - 
edge or the /ree-edge. In the fixed-edge cone, shown at the left of Fig. 349, 
the base of the cone A, is fastened to the base of a second cone B (or else 
to a frame), and the driving rod C, extends from the driving unit D. 
(rigidly fastened to the frame), to the apex of the cone. Thus the outside 
edge of each cone is not free to move independently. The cone speaker 
shown at the right of Fig. 348 is of this type. Well-designed and con- 
structed speakers of this type have good frequency-response. In most of 
them, an adjustable apex set-screw or chuck arrangement is provided 
to compen.satje the small changes in the tension of the paper cone due to 
atmospheric changes. Moving-iron type cone speakers should always be 
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used with an output filter following the output power tube in the receiver. 

At low frequencies, the cone acts as a sort of piston or plunger which 
pushes the air directly in front and in back of it. At the high frequencies, 
the inertia of the outside edges keeps them from vibrating while the center 
or apex region moves, thus tending to make the cone vibrate in sections 
instead of as a complete unit. 

464. Free-edge diaphragm: In a free-edge cone, (shown at 
(A) of Fig. 349), the driving unit “A** drives the paper cone ‘‘B” whose 
base IS free to move. The weight of the cone is usually supported by 





Tis l.«ft I.ever sysii^m for balanced ar- 
jontiir*' spe.'iker unit driving a cone 
• iuiphragm 

High! Rear \ low of We.stern Electric 
''\fd-edge cone .speaker with rear 
■o\er plate removed 



mounting it on a rigid ring D by means of a thin flexible leather or chamois 
ring “C” which allows almost perfect freedom of movement of the cone. 
This type of speaker being unrestrained in its movement acts more nearly 
like a plunger or piston, and is capable of excellent reproduction. The 
cone is often corrugated or moulded in ridges in order to stiffen it and* 
assure true plunger-like n'» A’ement. Free-edge cones are used extensively. 
The speakers of Figs. 341, 343 and 346 all have free-edge cones. In each 
case, the cone is fastened to the metal supporting frame by means of a 
circular piece of thin, flexible chamois or goat skin. 

465. Construction of the diaphragm: Cone shaped diaphragms 
are usually made of special grades of paper or other materials which do not 
absorb moisture readily and which have the most satisfactory combina* 
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tion of light weight, stiffness, freedom from rattling, etc. Heavy paper 
causes an energy loss due to the added weight and also reduces the high- 
frequency response due to the increased stiffness. The size of the cone 
also affects the frequency response. Special materials known under such 
trade names as Burtex, Tym-flex, etc. have been developed to supply the 
special properties required for the cones used in electro-dynamic speakers. 

The cone diaphragms vary from about 6 inches in diameter for the small sizes, to 
12 inches for the larger sizes used in auditoriums and public address work. Using a 
larger diaphragm results in a good low-frequency response, since for the same ampli- 
tude of motion there is, of course, a much greater amount of air set in motion. Con- 
versely, for the same sound output the larger diaphragm does not have to move as 
far, which simplifies construction somewhat. 

For low frequencies, 30 to 100 cycles per second, the amplitude of motion for good 
sound output is quite great. A motion of % to % inch is not uncommon. Such great 



Kia 34*1 — L«ft A flxed-#*age rone speaker The edipes are not free to move unreetriciedly 
Riirht (A), free-edjfe cone The edge is unrestricted, and may vibrate freely 
(Bj, A flat baffle (C). A box-type baffle 

motion may cause crystallization of the springy centering-spider pieces, causing them 
to break in time. With the larger diaphragm, the motion is much less, so this tendency 
to break is greatly lessened. 

466. Complete moving-coil apeaker: The various main parts of 
a complete moving-coil type of speaker of modern design, with cone-shaped 
diaphragm is shown in Fig. 350. The metal cone bracket (A), supports 
the cone (B). The voice coil which is constructed very light, is fastened 
to the apex of the cone as shown at (B), its two ends connecting to the 
secondary of the input transformer. The outer edge of the diaphragm is 
fastened to a flexible cloth ring, and the latter is held by the spider frame. 
The stamped magnctic-steel field pot (C) has a center core over which the 
field winding is slipped. The copper shading ring (E) serves as an equal- 
izer to reduce the response at a frequency range where a peak would other- 
wise occur — thus “equalizing” the response. The front plate (F) fastens 
to the top of the field pot, leaving a small annular air-gap around the cen- 
tral core-leg, in which the voice-coil moves up and down. The low voltage 
for the dry rectifier (I) is provided by the .stepdown transformer (G), 
and an electrolytic condenser (H) is .shunted across this to smooth out the 
current through the field winding and so eliminate the hum which would 
result if the field current were pulsating. The input transformer is not 
shown here. 



LOUD SPEAKERS 


703 


467, Baffles: Before proceeding with the study of baffles, the 
reader is advised to study Fig. 2 which shows in detail how sound waves 
are produced by the vibrating cone of a loud speaker. A free-edge cone 
need not be large and unwieldy in order to reproduce the low-frequency 
notes, but it should be attached to a large baffle for this purpose. The 



Courte»y Wright D$-CoH»r Inc. 

Fl». S60 — The vaiioue parte which »o to make up a typical, modern electro-dynamic cone 
type loud speaker. See Art. 466 


baffle is necessary, because as shown in Fig. 2, both the front and back of 
a cone diaphragm set up air waves. Those of low frequency would al- 
ternately reinforce and .leutralize each other, and seriously affect the 
volume of the low-frequency notes, if it were not for the baffle. 

When the loud speaker is producing* sound waves, the cone is in vibration, that 
is, first it moves forward in the direction shown by arrow A, in (A) of Fig. 351 and 
the next instant it moves in the direction of arrow B. The cone is shown attached to 
a dynamic speaker .driving unit for simplicity. If the audio current flowing through 
the voice-coil has a frequency of say 100 cycles, then the cone moves in the direction 
A 100 times every second, and in the direction B 100 times every second. Each time 
it moves in direction A, it compresses the air in front of it. At the same instant, the air 
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in back of it is rarctied or decompressed^ since the cone on moving forward has left 
more space behind for the air to fill. These difference.N in air pressure (more pressure 
in front and less pressure in the rear), immediately tend to equalize each other; the 
crowded air particles comprising the compression in front, immediately tend to move 
around the edge of the cone to the rear where there is a rarefaction 

But sound waves are caused by movements of air due to tiny air pressures. If 
these pressures are allowed to neutralize each other, there will he no niovenitmt of 
air out directly from the front or the back of the speaker toward (' or D. and hence 
no sound will be produced. If they partially equalize each other, very little sound 
will be produced. Consequently, something must be done to prevent the compressions 
produced at the front of the cone, from travelling around the edge from the front to 
the back in time to equalize the corresponding rari tactions being produced at the same 
instant at the back, (or vice versa). 

This IS accomplished by placing a baffle around the cone, taking either of the 
forms shown at (B) and (C) of Fig. 349. The air vibrations must now take the long 
path L around the baffle in order to get from one side of the cone to the other. By 
making this path long enough, the compressions cannot get from the front to the back 
of the cone( or vice versa) in time to equalize the corre«-ponding rarefactions, as will 
now be explained. 

It must be remembered that the cuirent flowing through the voice coil i.< an 
alternating current (in the case of a speaker coil connected directly in the plate cir- 
cuit of an output tube without coupling transformer, the current is a pulsating direct 
current, but the same reasoning also applies to this easel. This alternating current 
may be represented by the familiar form shown at (Rl of Fig 351, although the 
wave-form of actual voice currents is much more complicated than this, as shown at B 
of Fig. 171. Since the movement of the cone follows the variations in the current, the 

air pressure variations will follow the same wave-feum In terms of air pressure in 

front of the cone, we can decide that from 1 to *J, the pressure is increasing above nor 
mal value, from 2 to 3, it is gradually decrea.sing to n(»rmal. from 3 to 4, it is de- 
creasing below normal (a rarefaction); and from 4 to 5 it is gradually mcrea-ing to 
normal. The air pressure in front of the cone therefore. «j(H‘s through four distinct 
changes during one complete cycle (one forward and backward movement of the cone) 
If the current has a frequency of say 100 cycles, there would be four times 100, or 400 
changes m pressure per second. Sound waves travel about 1130 feet per second 
Therefore, in the case of a 100 cjxle note, during any one change in pressure (each of 
which takes place in one 400th of a second), the sound pressure wave will travel 
1130 divided by 400, or 2.82 feet. Keep that m mind for a moment. Now' if wc' allow 

the pressure w’ave from the front to go around directly to the back of the cone it will 

neutralize the rarefaction w'ave there. But if wc makr this pressure wave travel 
around a distance at least equal to 2.82 feet, it will take it at least one 400th of a 
second to get to the back of the cone. But we calculated that this is the time required 
for one change in pressure. Therefore, by the time the pressure wave from the front 
gets to the back, the cone has changed its direction of motion and the back is now pro- 
ducing a pressure wave, so that the two waves do not neutralize each other but ac 
tually reinforce each other, making the sound ajppear somewhat louder. 

It is evident then that the purpose of the baffle is simply to Hrlay the 
meetinjr of the front and back sound waves by artificially increasitiR the 
distance of the sound-wave-path from the front to the back of 
the cone. It is evident, that to fully reproduce any note, the short- 
est lengrth of the sound-wave path from the front to the back of the cone 
(di.stance L in Fig. 349) must be made at least equal to the dis- 
tance the sound travels during the time it takes to complete one 
quarter of a cycle of that note (see (B) of Fig. 351), or during the time it 
takes the cone to move from the center position to the extreme position in 
either direction. The distance in feet, which the .sound travels during one 
complete cycje is defined as the wavelength of the sound and is equal to 
the velocity of sound (1130 feet per second) divided by the frequency in 
cvcies per second. Therefore, the minimum length a baffle should be. 
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to permit full reproduction of any frequency, can be easily calculated by 
the simple rule, that the baffle length in feet is equal to one-quarter the 
wavelength of the note to be reproduced. That is, 

11^0 9ft9 

Baffle length = 1/4 W. L. = x = 

Frequency Frequency 

A baffle to permit full reproduction of tones as low as 30 cycles must 
be at least 

282 

= 9.4 feet in effective length (L) 

30 

Referring to Fig. 8, the frequency ranges of the various musical in- 
struments may be seen, and the lowest note which any instrument can 
produce may be ascertained. To reproduce the lower notes with a free- 
edge type of cone speaker, a baffle must be used. The graph of Fig. 352 
shows the minimum size of baffle required for complete reproduction of 



the various frequencies. These values were calculated by the above form- 
ula. The bafflle size is given in inches, for convenience. This is obtained 
by multiplying the values obtained by the above formula by 12. At the 
top, the lowest frequencies of the various musical instruments are noted. 
This chart can be used to determine the size of baffle required for full re- 
production of the lowest-frequency note of any musical instrument 

A study of Fip. 352 shows that the required length of the baffle air path decreases 
as the frequency goes up. At 2000 cycles for example, the air path need be only 1.6S 
inche.s. Since the distance f om the front to a point near the center of the back of 
an ordinary 10-inch diameter cone is about five inches, it follows that the cone itself 
IS an effective balfle at the high frequencies Therefore the baffle is only important 
at the low frequencies and its size is detern ined by the loudest frequency to be re- 
produced. 

It IS difficult to define exactly what the baffle length is, since, strictly speaking, 
all parts of the coat are helping to produce sound. Some authorities define the baffle 
length as the distance from a point in the center of the front of the cone to a point in 
the center of the rear. This length would be slightly longer than that taken through- 
out this discussion. However, as the baffle lengths are usually worked out for low 
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freauencies, and these lengths wdrk out in most cases to 36 inches or more (see Fig. 
862), a difference of an inch or two in considering the baffle length does not make 
much difference in the result. 

As it makes no diiTerence how the lensrth of air path for the baffle is 
obtained, baffles take many forms in actual practice. Flat baffles are 
probably the best types as they are not usually troubled by resonance ef- 
fects, but their large size and ungainly appearance hardly make them 
suitable for use in homes. (B) of Fig. 349 shows a straight square baffle 
in position on a cone. In this type, the length of each side of the baffle is 
made equal to the length given in the chart of Fig. 362, since the total 
effective baffle length is about equal to twice the length of half a side. 

(C) of Fig. 349 shows a box-shaped baffle which is more compact. 
This type is used extensively in homes because of its compactness and bet- 
ter appearance. The box type baffle is sometimes made up into artistic 
looking cabinets which blend in with the rest of the furniture in a room. 
The back of the box or cabinet-type baffle should be left open, to allow 
free circulation of the air. If it is closed up or restricted, resonance effects 
will be set up in the cabinet, resulting in better reproduction of some 
frequencies than others, and resulting in “barrel tone”. The response 
of a cabinet-type speaker can often be improved by lining it with some 
non-resonant material such as thick felt, Celotex, etc. When a speaker 
is mounted In a console cabinet, the front, sides, top and bottom of the 
cabineUact as a box-type baffle, since sound waves issuing from the front 
of the speaker diaphragm must travel all the way around the sides of the 
cabinet to the back, and then forward inside the cabinet to the rear of the 
cone, in order to cause any neutralizing action. As this distance is quite 
long in most cabinets, good baffling is secured. It is well to point out here 
however, that the speakers in midget-type receivers are unable to repro- 
duce the low notes fully, on account of the insufficient baffling which the 
small midget cabinet presents. While many of them appear to have a deep 
tone, this is simply because of the fact that the high audio frequencies 
have purposely been suppressed by the particular circuit design employed. 

When a dynamic unit is operated in the same cabinet with the radio 
receiver, the entire system may break into continuous oscillation due to 
the mechanical vibrations being set up in the elements of the detector 
tube by the sound vibrations. The remedy for this is to wrap the detector 
tube in thick felt, or weigh it down with a heavy metal cap to damp the 
vibrations. ' The back of the cabinet should be left open, to reduce acoustic 
resonance effwts in the cabinet itself) When mounting a cone-type speaker 
on a baffleboard, the felt ring (see F in the speaker at the left of Fig. 346) 
on the front of the cone housing should be pressed evenly and tightly 
against the baffle. A hole equal to the inside diameter of the felt ring 
should be cut in the baffle of course. Fig. 363 shows a horn type of baffle 
attached to an electro-dynamic speaker with a cone diaphragm'. THe baffle 
is cut away to show the speaker inside. , Baffles of this kind are used in 
auditoriums, theatres, and outdoor public-address work. They not only 
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act as baffles, but also make the ^^ker directional, so as to direct the 
sound waves to the audiencb. Notice that the top side is practically 
straight. This tends to keep the sound olT the ceiling. The bottom flares 
down, and the sides flare out toward the opening. A unit of this kind 
will take care of a 400 seat house, if it is not over 25 or 30 feet wide. 
Otherwise two or more such units may be used. 

It must be evident that baffles do not act as “sounding boards” as 
many people think. They are not supposed to Vibrate or emit sound 
waves themselves at all, although sometimes baffle re.sonance effects are 



Courtff^ fVnffht Df’Co»tfr Inc 

Fig 353— A dynamic .speaker mounted in a 4S-Jnch horn baffl.- f.»r publ.. -.mMi .md .snond 
picture work It is 30x21 Inches at the npeninj? Spp.ikrrs i,f tins type may be 
mounted outdo<jrs if reouirt*d 

designed to accentuate the response of some frequencies which the speaker 
itself is deficient in. Baffleboards should be made rigid and usually of 
soft wood at least three-quarters of an inch thick. Baffleboards made of 
Celotex, at least one inch thick, are al.so very good, as this is a non-reson- 
ant material, but in some ca.ses the ab.sorption reduces the high-frequency 
respon.se. For very low-frequency reproduction, the wall or ceiling of a 
room may be used as a baffle by cutting a circular hole in it large enough 
for the cone to fit through, but usually the volume of .sound is reduced by 
this since the sound waves produced at the rear of the speaker are not 
heard at the front and vice versa. 

If a baffle is made smaller than the size required to reproduce a certain 
frequency, it does not mean that this frequency will be completely sup- 
pressed— ^it simply means that notes of this frequency will be partially 
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suppressed, the extent of this suppression being determined by how much 
smaller the baffle is than the correct size. If notes below the actual “cut- 
off” frequency of the baffle are impressed on the loud speaker, the resulting 
tone is made up mostly of the higher harmonics of these notes. Thus, 
while a baffle may not be large enough to permit of reproduction of a 60 
cycle note, it may be large enough to permit of reproduction of the second 
harmonic frequency of 120 cycles. Thus this note would be partially re- 
produced, but, of course, not in its true tone. This accounts for the par- 
tial low-note reproduction effect produced by speakers having small baf- 
fles. Of course, it is assumed that the receiving set passes the low frequen- 
cy signals to the speaker driving unit, and that it is capable of operating the 
cone at these frequencies. For instance, it would be foolish to design a 
56-inch baffle to permit reproduction of 60 cycle notes, if the set and 
speaker combination was unable to reproduce any frequencies below 200 
cycles. In this case a 17 inch baffle would suffice, and the reproduction 
with it w’ould be just as good on this particular set and speaker as it would 
with the 56 inch baffle. With ordinary receiving equipment it is not nec- 
essary to use baffles larger than about 48 inches, since these give a cut-off 
frequency of about 70 cycles. Very few medium-priced commercial re- 
ceivers really produced sound waves of as low a frequency as this. 

Magnetic speakers of the free-edge rone type are also ideally suited 
for mounting inside of a radio cabinet and are usually cheaper to construct 
than the fixed-edge type. The construction makes a short driving rod 
possible and this helps to reduce distortion. They provide practically 
uniform frequency-response over a wide band of frequencies. 

468. Permanent-magnet moving-coil speakers: In some appli- 
cations of loud speakers, the supply of current for the field coil of the 
electromagnet of the type of moving-coil speakers already described, is 
not readily and conveniently available. Instances of this occur in battery- 
operated receivers used in the home, in receivers used in automobiles and 
in hotel and apartment house centralized radio systems, etc. For cases of 
this kind, a special form of moving-coil speaker may be used. All of the ad- 
vantages of the moving coil type speaker are retained, but a permanent 
magnet is used instead of the electromagnet. Several permanent magnet 
arrangements have been developed for such speakers, one of which is shown 
at .(A) of Fig. 354. It consists of four outside arms having similar poles, 
which join a common flat pole-piece at the top. This forms one pole. The 
pole piece surrounds the central core-leg with a small air-gap in between, 
in which the moving coil is suspended as shown at (B). The central core- 
leg forms the other pok, and the flux in the air-gap is almost radial. 
The relation of the magnet, center core, pole piece and moving coil are 
shown in the sectional view at (B) . Magnets for speakers of this type are 
usually made of steel containing about 9 to 15 per cent cobalt, (see Ar- 
ticle 82). The object to be attained in the design is to prqduce a very 
strong permanent magnet having low magnetic leakage, and of reasonably 
small dimensions, at a reasonable price. The moving coil and cone design 
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are practically similar to those of the types of moving-coil speakers al- 
ready described. While it is not possible to make these permanent mag- 
nets as strong as the electromagnets which are used on the ordinary 
moving-coil speakers, they are made strong enough to produce satisfactory 



FI* 354 — (A) Permanent magnet arrangement for moving-roil type speaker 

(B) Arrangement of permanent magnet, pole pjece, inov»ng-i.o:l, and cone In a 
permanent magnet moving-coil speaker 

speakers of this type. When the magmet in a speaker of this type be- 
comes weak due to age, the volume decreases greatly and it must be re- 
magnetized (see Article 93). 

469. Cone and horn speakers: We have considered the use of 
a light-weight cone-shaped diaphragm operated by one of the forms of 
driving units which we have studied. The corte is used to set a large 
volume of air in motion. The use of a horn for this purpose has also 
been common for many years, but the proper design of the horn was neg- 
lected for some time. In the horn type of speaker, a diaphragm, usually 
of rather small size, may be driven by any one of the forms of driving 
units just described, and placed at the small end or throat of the horn. 
The function of the horn seems to be rather generally misunderstood 
Possibly the following simple experiment will illustrate the effect of the 
horn convincingly. 

Experiment: Remove the driving unit from a horn speaker and connect it to a 
radio receiver or phonograph amplifier which is operating at medium volume. The 
diaphragm in the unit will vibrate in accordance with the signal impulses but since 
there is very little restraining force on it, it will rattle. Also since it is small, it does 
not act on very much air and consequently the sound produced is very weak. 

Now attach the horn to the unit. The rattling ceases because the diaphragm is 
now loaded since it pushes against the column of air in the horn, and the volume in- 
creases becau.se a larger volume of air is being set in motion. 

The horn adds nothing to the original intensity of the sound waves; 
all of the sound waves which are to come out of any kind of horn must 
be produced by the vibration of the diaphragm at the small end of the 
horn. However, if this diaphragm is allowed to vibrate freely in the air, 
without any kind of horn in front of it, it creates relatively little 
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sound. The reason is that the diaphragm does not adequately "couple” 
with the air, that is, the area of the diaphragm is so small that only a very 
small amount of air is set into vibration by it. The sound waves which 
proceed outward from this center of disturbance are relatively feeble 
ones. The advantage of the cone loud speaker over a simple vibrating 
diaphragm, (like the diaphragm of a telephone), is that the cone possesses 
a much larger vibrating surface. Accordingly, it sets much greater masses 
of air into vibration. This produces and discharges far more intense 
waves of sound. 

The advantage of any form of horn, comes from a similar ability to 
set more air into vibration in correspondence with the vibration of the 
diaphragrm. The diaphragm at the inner end of the cone of air contained 
inside the horn, sets this entire cone of air into vibrations like those of 
the diaphragm itself. In effect, the radiating surface from which sound 
waves are emitted becomes, not the relatively small surface of the dia- 
phragm itself, but the entire front surface of the cone of air contained with- 
in the horn. The horn causes the air pressure per square inch over the 
surface of the diaphragm to be many times greater than if the diaphragm 
were to vibrate in free space. It therefore enables it to transfer its en- 
ergy more efficiently to the atmosphere by means of the column of air in- 
side the horn. The horn really makes the diaphragm work harder! 

470. Potaible shapes of horns: Horns can be made in many dif- 
ferent shapes and sizes as shown at the right of Fig. 355, but it has been 
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FJg 3SS— l.eft A 12-foot air column horn for public address and sound picture work. It 
haa two moving-colI driving unite with a total power capacity of 50 watts. Ths 
bell opening la 45 Ir'^hes square 

Right Various horn ..napes which conform to well-known mathematical equations. 


proved experimentally that certain shapes are most suitable as they pro- 
duce best results in practice. 

Straight pipes' of uniform diameter are unsuited for loud speaker horns because 
they are efficient resonators only within cerUin narrow frequency limits correspond- 
ing to the fundamenUl tone, and may increase the sound energy in these narrow fre- 
quency bands thousands of times. Outside of these narrow frequency-bands, no in- 
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crease in sound energy is brought about. Horns of various shapes have been designed 
and any one of these is better than a straight pipe for a loud speaker, because horns 
have less pronounced resonant properties than pipes. 

The straight pipe (A), and horns of various possible shapes are 
shown in Fig. 355. The manner in which the cross-section area increases 
as we proceed from the throat to the mouth or bell of these horns, is deter- 
mined by well known mathematical equations. The results obtained with 
horns of these shapes differ greatly. The shape which seems to give best 
performance for practical loud speaker work is that which follows the 
“exponential law”, or a slight modification of it. Of all the horns having 
a given size (i.e., same length and terminal areas) the exponentially 
shaped horn is the most uniform sound radiator over the required range 
of audio frequencies. Since this is the best, the other shapes will not be 
considered here. 

471. Exponential horns: A true expone)itial-sh&\)ed horn is one 
whose cross-section area doubles for equal increases in length, that is, the 
area of the horn varies as an exponent of the length. That is all there is 
to the exponential law. The law says nothing about how long the inter- 
vals of length should be — they may be any value we please. For in- 
stance we may have a horn whose throat area is say one square inch. 
The horn may be shaped so that its cross-section area doubles for every 
three inches of length, for every six inches of length or for every five feet 
of lengrth, etc. Each of these would be a true exponential horn. If the 
area doubled for every foot of length, the area would be 2 square inches 
at 1 foot from the throat, 4 square inches at 2 feet, 8 square inches at 3 ' 
feet, 16 square inches at 4 feet, etc. The amount by which the horn in- 
creases in cross-section area for each unit of its length is called its expan- 
sion ratio. This may be varied, making long narrow horns of slow ex- 
pansion, or short wide horns of rapid expansion, all of them still retain- 
ing the essential exponential principle; the principle by which the cross- 
section area of the horn increases by the factor two for each equal increase 
in length. This exponential rate of increase is sometimes called the iow of 
organic growth, as it is the same rate at which most plants, trees and other 
organic bodies increase in size. The shell of a snail for instance, is an 
example of a true exponential horn. 

As may be shown mathematically from its detailed theory, the ad- 
vantage of the exponential horn, is that it permits the preliminary com- 
munication of the sound to the internal cone of air, and thence to the gen- 
eral air outside, to take place with the minimum of interference and re- 
sistance. In technical terminology, the exponential horn “loads” the 
diaphragm more completely and with less distortion for a wide band of 
frequencies, than can be accomplished with other existing .shapes of horns. 
The increase ‘in cross-section area is such, that as the sound wave dis- 
turbance travels from the diaphragm at the throat of the horn out to the 
bell, it expands uniformly over a wider and wider area without any 
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sudden changes or restrictions. Also, the bell of the horn is of such shape 
that the sound wave disturbance communicates to the outside air smooth- 
ly at the point where it leaves the horn. A typical commercial form of 
folded exponential horn used in public-address work is shown at the left 
of Fig. 355. Other forms are shown in Fig. 356. 

472. Cut-off frequency: When correctly designed, an exponen- 
tial horn radiates the sound waves uniformly over a wide range of fre- 
quencies. It reproduces these frequencies uniformly down to a certain 
definite frequency called the loirer cut-off frequency, below which very 
little or no radiation takes place. The low frequency cut-off is deter- 
mined by the rate of expansion of the horn. A horn which doubles in 
area for every foot of length will reproduce down to 64 cycles per second; 
one expanding half as rapidly (area doubles for every two feet of length) 
will respond down to 32 cycles; one expanding twice as rapidly (area 
doubles for every 6 inches of length) will respond down to 128 cycles per 
second, etc. The greater the rate of taper, the higher is the frequency of 
cut-off. 

473. Considerations in horn design: The length of the horn is 
determined by several factors. First, a properly designed horn should 
be free from noticeable resonance. To prevent this, the mouth of the 
horn should be made large enough to transmit the sounds coming from it 
to the suiyrounding atmosphere without any great amount of restriction, 
since this w^ould cause a back-pressure to be developed which would op- 
pose the sound waves. It has been found that if the diameter of the 
nlouth is made comparable to one-quarter of the wavelength correspond- 
ing to the cut-off frequency of the horn (as determined by its rate of 
expansion), the resonance in the horn will be negligible. The wavelength 
of sound in feet is determined by dividing the velocity of sound in feet 
per second (1130) by the frequency. So the horn should be extended 
until the mouth has a diameter about one-quarter the wavelength corres- 
ponding to the cut-off frequency. If the horn section is approximately 
square, the area of the mouth should be as large as that of the circle having 
this diameter. For instance, following out this reasoning a horn whose 
cut-off frequency is 64 cycles, (corresponding to a wavelength of 1130 
divided by 64, or 17.7 feet), should have a mouth about 17.7 divided by 4, 
or 4.4 feet in diameter if circular; or about four feet by four feet if 
square. 

The diameter of the pmall end, or throat of the horn, depends on several factors. 
Since the diaphragm really act like* a piston, sending waves of compression and rare- 
faction up and down the air column, if the area of the throat is small compared to the 
area of the diaphragm, practically all of the movement of the layers of air molecules 
near the .‘surface of the diaphragm will cause a larger motion of the molecules through 
the throat. However, if the throat is made too small, compared to that of the dia- 
phragm, a throttling effect will result due to the restriction of the air waves. If it 
is made too large, the^ diaphragm is not loaded properly. Also, in order tp use a slow 
rate of expansion of the horn to obtain low cut-off frequency, the initial opening should 
be large or else the horn must be made too long to be practical, since it should oe made 
long enough so that the diameter of the opening of the mouth or bell is at least equal 
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to hi the wavelength of the lower cut-off frequency. A compromise must therefore 
be made between these factors in the design of the horn. A special form of throat 
design which eliminates many of the troubles which usually occur at this point will 
be described in Article 476. 

474. Design of an exponential horn: As an example of how ex- 
ponential horns may be designed, let it be required to design one having 
a cut-off frequency of 32 cycles and to be used with a driving unit having 
a % inch diameter opening. The design procedure follows: 


If the cut-off frequency is to be 32 cycles, the exponential horn must double m 
eross-aection area every two feet. The cut-off wavelength will be 1130 divided by 32, 
or about 35 feet. The diameter of the mouth or bell should then be 35 divided by 
4 * or about 8.75 feet. 

The area of the throat is equal to the square of the diameter times 0.7854, or 
0.314 square inches. As the area doubles for every two feet, at a point two feet from 
the throat the area is 0.314x2—0.628 square inches, at six feet it is 1.256x2=z;2.512 
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Fia 356 — L«ft. 14 fool coiled exponential horn used for reproduri ion of speech and music In 

thaaires 

RiCfit A typical 6 foot exponential trumpet or horn used, for reproduction of 
speech only, in public address systems It has a bell 28 inches square 


aquare inches, etc. This is carried out until such- length when size of the mouth or 
bell, determined by the cut-off frequency is reached. This figure for the bell size 
muat be converted into area. Actually, the length of this horn would have to be about 
28.5 feet. It is evident that such a '*true exponential horn” would be large and un- 
wieldly for home use. In practice, so-called exponential horns built for home use are 
not true exponential horns but are about seven or ten percent exponential. That is, 
each succeeding area is not double that of the previous section but is about seven 
per cent of this double value. 

The results obtained with such horns are not as good as with those 
of the true exponential type, but the sacrifice in operating quality must 
be made on account of the small allowable size of the horns if they are 
to be used in homes. This is probably the most important reason why 
horn speakers are not used extensively in home radio receivers — simply 
because speakers of this type designed to have a low cut-off frequency, 
and give good reproduction of both speech and music, are necessarily too 
large and unwieldly. However, they are used extensively in connection 
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with sound pictures, and public-address and announcing systems, where 
their large size is not particularly a disadvantage, but their comparatively 
high efficiency and directional properties are important. An exponen- 
tial horn of large size used in theatres and public-address systems is 
shown at the left of Fig. 356. Horns of this type are capable of splendid 
reproduction of speech and music. An exponential trumpet for the re- 
production of speech only, typical of the type used in public address sys- 
tems, is shown at the right. Since this is not called upon to reproduce 
frequencies as low as those which are encountered in music, its cut-off fre- 
quency may be higher, and its length is therefore much shorter. 

475. Material and shape of the horn: The material of which 
the horn is made, is important. Although a horn may be well designed 
and constructed to correct size, total length, rate of expansion, etc., it may 
still fail to provide good reproduction, simply because of resonance effects 
in the material used for it. 

The material used should have no marked resonant frequency, unless 
this resonant frequency is very low. One manufacturer uses a special 
construction of fleeced underwear cloth moulded together to correct shape 
and impregnated by a special binder compound. Another uses a special 
composition consisting of wood sawdust held by a binding compound and 
moulded to correct shape. Others are made of papier-mach^. Large 
horns and trumpets are usually made of selected wood, properly treated. 
The inside surface of the horn should be smooth, to prevent the forma- 
tion of eddies due to the moving air. 

• It is evident from the calculations in Art. 474, that the old types of 
short horns one or two feet in length, cannot possibly reproduce the low 
notes in music. The best they can do is reproduce the higher harmonics 
of these notes, and the ear responding to these makes it appear as though 
some of the low notes were being heard. Exponential horns which do 
reproduce the low notes must necessarily be long. In order to make 
these speakers more compact than they would be if straight, they are con- 
structed in coiled or folded form, and even divided into parts. This does 
not harm the reproduction in any way, provided the bends are not too 
sharp and the cross-section areas follow the design equations chosen. A 
straight exponential horn is shown at (A) of Fig. 357. The cross-section 
area doubles for each equal increase of distance along the length, as rep- 
resented by the dotted lines. This corresponds to the horn shown at the 
right of Fig. 356. At (B), the same horn is shown coiled or folded up‘ 
to make it compact. Thi • corresponds to the horn shown at the left of 
Fig. 356. The horn may also be folded as shown at the left of Fig. 355 
A compact type of folded exponential horn developed by the engineers of 
the Bell Telephone Laboratories is shown at (C) of Fig. 357. The path 
of the sound waves is shown by the arrows, the driving unit and dia- 
phragm being placed at the opening in the center of the reaV side. The 
mouth of the speaker is toward the right in the illustration. Notice that 
the sound wave path divides into two identical folded paths which both 
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terminate at adjacent sides at the mouth of the speaker. Horns of this 
sreneral type are employed in the “orthophonic” phonograph, in fact, ex- 
ponential horns are sometimes called orthophonic horns. Large horns, 
of special folded construction to make them very flat, are used in moving 
picture theatres in connection with the sound accompaniment. They are 
mounted directly on the back of the special motion-picture screen and are 
raised and lowered with it, as shown at the left of Fig. 495. 

476. Moving-coil horn units: The balanced type moving-iron 
form of driving unit provided with a suitable diaphragm, is used on many 
horns employed in public-address systems, simply because it eliminates 
running the two extra wires required for the field supply current. This, 
of course is an important advantage where a network of speakers is mount- 
ed over a wide area on poles or buildings, etc. However, where a large 



Fig 357 — A given horn may he made straight, as at (A), colled as at (B>. or folded as at 
(C) Il.s rharacteristirs will be the same in each case, provided the bends are 
gradual and not sharp 


volume of sound is to be produced, the moving-coil type of speaker unit 
is usually employed, to prevent rattling. This is especially true in speak- 
ers used in theatres and halls, where a large volume of sound must be 
produced and the driving units must handle a considerable amount of 
power. A cross-section view of a very efficient form of moving-coil driv- 
ing unit developed by the Bell Telephone Laboratories for this purpose, 
is shown at (A) of Fig. 358. 

The field maj^net F, an electromagnet of efficient design providing a very 
strong field in tin; air gap m which the moving coil B, is suspended This coil consists 
of a single layer of aluminum ribbon .015 inch wide and .002 inch thick, wound on 
edge, the turns being insulated and held together by a thin film of insulating lacquer. 
The impedance of the coil is practically a pure resistance, and nearly con.stant at 
various frequencies. The coil is attached to a duraluminum diaphragm A, which is of 
unusual shape. 

One of the things which may limit the sound radiating efficiency of the horn type 
of loud speaker is the interference between the air waves as they pass through the 
chamber between tho diaphragm and the throat of the horn. In this speaker, the 
air chamber is so constructed, that no serious pha.se differences can occur within the 
useful range of frequencies. The stationary conical block C, is responsible for this. 
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Another factor, is the desirability of having the diaphragm vibrate to and fro as 
nearly like a rigid plunger as possible. An ordinary flat piece of metal clamped 
around a circular edge assumes a domed shape when vibrating at low frequencies. 
The diaphragm can be made to vibrate with its central portion essentially unflexed 
by adopting a shape which makes it less rigid near the edge, and more rigid toward 
the center, and then applying the force uniformly around the outside of the central 
portion. 



Courtety Bell Telephone Laboratoriee 

Fig 358 — (A) Sectional \iew of the moving coil driving unit shown in Fig 359. (B) Sec- 
tional view of sponal .short-horn .speaker de.signed for high audio-frequency re- 
production only This speaker is shown in ^ig 360 

These things are accomplished by the shape of diaphragm illustrated by A. It 
is made of a single piece of sheet aluminum alloy 0.002 inch thick. To this is rigidly 
fastened the driving coil B of circular form. In the assembled receiver, 

it moves up and down in the annular space between the ring-shaped pole pieces of 
the electromagnet. Between the coil and the clamped edge, the diaphragm is corru- 
gated tangentially to prevent resonance. 

The damping action of the thin air chamber between the conical block C, and the 
diaphragm, together with the loading effect of the horn, produces a constant load on 
the diaphragm, and a very flat frequency characteristic. The tapered opening under 
the diaphragm is to avoid resonance effects at its rear. The parts of the unit are 



Courier Bell Telephone Laboratoriee 

Fig 359 — Details of the consirucllon of the. high-efficiency moving-coil horn speaker unit 
shown at (A) of Fig 358 The driving ooil B, is attached to the diaphragm A 
which fits under the conical piece C Tlie tangential corrugations on the disc 
are plainly visible 

shown unassembled in Fig. 359, each part being labeled with a letter to, correspond to 
that in Fig. 358. The cone shaped diaphragm A, and the tangential corrugations are 
plainly visible, as is also the conical block C. The complete unit is shown in its case, at 
the right. 
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An outstanding feature of this special form of driving unit is the high 
efficiency with which it converts the electrical power fed to it, into that of 
sound. In the commercial models, efficiencies as high as 30 per cent are 
realized — as compared with about 5 per cent for the usual cone type 
moving-coil speaker. When it is recalled that the resulting sound intensi- 
ties are only a few decibels lower than those to be obtained at one hun- 
dred per cent efficiency, it will be understood that little is to be gained 
from any further increase in efficiency, except insofar as reduction in the 
percentage of loss enables greater power to be handled without exceeding 
a safe operating temperature. When coupled to a suitable horn, fifteen 
watts of sound power can be radiated. It reproduces frequencies from 
60 to 6,000 cycles per second without distortion, and reproduces down to 
40 cycles and up to 8,000 cycles with distortion so slight that it is almost 
impossible to detect it. 

477. Special high-frequency loud speaker: The frequency 
range above 5,000 cycles contributes greatly to the naturalness of repro- 
duction of certain sounds. Many instruments of the orchestra, such as 


Fig 360 — A special form of moving-coil 
loud speaker designed for the efficient 
reproduction of oniy the high audible 
frequent ic.s frr m 6,500 to 12,000 cycles 
per second A section view is shown ai 
<B) of Fig 35S Notice the .short horn 
employed 

High-frequency horns of this general 
type are commonly called '‘tweeters' 
betnue they produce the very high- 
fr»»tiut;ncy sounds 


Courle$y Dell Tfltphona Laboralortts 

the violin, flute, snare drum, clarinet, cymbals, as well as voices (particu- 
larly female voices), have harmonics above 5,000 cycles which'if suppress- 
ed, cause an appreciable change in the character of the sounds. This altera- 
tion in some cases is not especially objectionable, but in the reproduction 
of many common sounds of an impulsive character such as result from 
hand clapping, footsteps, tearing or rustling of paper, or the jingling of 
keys or coins, the suppression of the high frequencies may cause the re- 
produced sounds to bear but little resemblance to the original. Extension 
of the frequency range of the reproducing system to include the very high 
frequencies results in a marked improvement in the reproduction of these 
impulsive sounds and in the naturalness, color, and brilliance of repro- 
duced speech and music. 

Since ordinary forms of loud speakers are inefficient for reproduction of these 
audio-frequency sounds, due to the excessive mass and stiffness of the vibrating struc- 
ture, etc., a special form of speaker is required for their reproduction A special 
form of speaker by which it has been possible to obtain efficient radiation of the 
high frequencies up to about 12,000 cycles is shown at (B) of Fig. 358. This speaker 
ia intended as an addition to either a usual cone or horn type speaker to extend the 
range of efficient performance to about 12,000 cycles. Its lower cut-off point occurs at 
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about 6,600 cycles. This corresponds to the high cut>ofT point of most speakers. The 
removal of the necessity for low frequency teproduction with this speaker permits a 
more delicate mechanical structure having less mass, and makes it possible to extend 
the high frequency cut-off. 

The diagram is a sectional view showing on an exaggerated scale the diaphragm, 
air chamber, and horn construction. The diaphragm is of .005 cm. duralumin, with 
a spherically embossed section at the center 2.5 cm. in diameter to provide rigidity; 
the edge outside this formed center is plane. A self-supporting moving coil of edge- 
wise wound aluminum ribbon is attached directly to the diaphragm at the junction of 
the embossed and plane sections. A shoulder on the horn clamps the plane section 
of the diaphragm on a diameter, to increase the edge stiffness. The mass of the 
diaphragm plus the moving coil (within the clamped surface) is only about .16 gram. 
Since the frequencies to be reproduced are high, the horn has a mouth only two inches 
in diameter. The angle of the flare is 90 degrees. The efficiency of the unit is about 
20 per cent. 

Satisfactory results have been obtained by using this loud speaker in 
conjunction with both baffle and horn type loud speakers of the ordinary 
types which reproduce up to about 6,000 cycles. It may be mounted with 
the horn mouth extending through a baffle board adjacent to one or more 
baffle speakers or it may be suspended in the mouth of a large horn. The 
combination is most suitably coupled electrically by means of a network 
that causes the electrical power within a pre-determined frequency range 
to be delivered to the particular loud speaker that is efficient in that fre- 
quency range. This avoids a loss in efficiency and at the same time pre- 
vents rattling or damage to the high-frequency loud speaker which might 
be caused by large amounts of power being fed to it at low frequencies. 

478. The condenser-type loud speaker: The condenser or elec- 
trostatic type of loud speaker has many worthwhile inherent advantages 
ever the magnetic forms of speakers, although it has not been entirely 
successful commercially in the United States. It operates on the princi- 
ple of the electrostatic attraction and repulsion of two electrically charged 
plates in accordance with the well known principle of electrostatics that 
like charges repel and unlike charges attract. The speaker itself really 
forms a large 2-plate condenser. It operates as follows : 

When two conductors of electricity are separated in space by an insulator, and 
a difference of electrical potential is maintained between them they form an electrical 
capacitor or condenser. If they are both charged positively, they tend to repel each 
other, if they are both charged negatively they also tend to repel each other; if one 
is charged positive and the other is negative they attract each other (see Article 
13). Suppose these two conductors are large, flat, metallic plates of equal area, sep- 
arated by a thin film of air as shown at (A) of Fig. 361. If a difference of potential 
or voltage is applied to these plates, a force will be exerted tending to draw these 
plates together, and the force will be proportional to the area. A, of one side of one 
plate; it will be proportional to the square of the voltage between the two plates; and 
it will be inversely proportional to the square of the distance, D, between them. 

From the above it is seen that the greater the voltage the greater the force, the 
larger the size of the plate the ^'reater the force, and the smaller the distance between 
the plates the greater the force. If we make one of these plates quite heavy and 
stationary and the second plate very light and movable as shown in (B), the applica- 
tion of a varying voltage to them will tend to draw the light movable plate to the 
heavy stationary plate with a force which will increase as the square of the voltage. 
If an alternating voltage (for example the usual 60-cycle 110-volt hou^e current) is 
applied between the .two plates, the movable one will tend to move in and out at 
double the frequency of the applied voltage which, in this case, would amount to 120 
times per second. This result would be obtained sinc^ the plates tend to pull together 
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both on the positive and on the negative halves of each alternatmg-voltage cycle. 
Thus instead of obtaining a 60-cycle tone by virtue of the motion imparted to the sur- 
rounding air by the movable plate, we would obtain a 120-cycle tone. This is a per- 
fect instance of complete distortion, since the original tone is absent and is replaced 
by one of double the frequency, (one octave higher). Suppose that this alter- 
nating house current be replaced by the voice current from the output of a broadcast 
receiver. Then the light movable plate, which we shall henceforth call the diaphragm, 
would produce a hopelessly distorted sound since it would move in accordance with the 
iquare of the voice voltage and at double the voice frequencies. 

479. The polarizing voltage: Let us now see how these diffi- 
culties are eliminated in a practical speaker of this type. 


Suppose a high direct voltage, say 500 volts, is applied to the plates of our crude 
condenser speaker. There will be a strong steady attraction between them, due to the 
charges placed on them by this difference of potential. This is called the polarizing 
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pie electrostatic loud speak^T with 
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Right Side and front view.s .‘■howing the f onstrumon of the Kyle rondenser speaker shown 
in Fig. 362 

voltage. If now, we superimpose the* much weaker a-c signal voltage upon 
these same plates at the same time, this alternating voltage will tend to increase and 
decrease slightly the^ steady direct potential difference which we have already estab- 
lished between the plates. In other words, the force will alternately become a little 
greater and a little less than the initial force due to the direct voltage, but, since the 
potential of one plate will always be of one polarity with respect to the other plate, 
this tendency toward double frequency response is greatly reduced. 

It can be shown mathematically, that the motion of the diaphragm under these 
conditions will be approximately in accordance with, and proportional to the alter- 
nating voltage applied between the plates. The smaller the ratio of the alternating 
voltage to the constant- applied direct voltage, the more accurately the diaphragm will 
follow the alternating voltage vanation.s. It is exceedingly important to note that 
there will always be a component of the motion which is tu'ire the frenuency of the 
original voltage and also that the motion will never be rrnrtly directly proportional 
to the applied alternating voltage In other words, m this type of loud speaker, as 
well as m the magnetic and electro-dynamic types, there is always some inherent dis- 
tortion. A mathematical analysis of the condenser-type loud speaker shows that the 
greatest response is obtained when the plates are as close as possible together and 
both the constant direct voltage and the alternating applied voltage are as great as 
possible 

480. Practical form of condenser-type speaker: The back or 
stationary plate of the commercial form of condenser-type speaker shown 




LOUD SPEAKERS 


721 


at the right of Fig. 361 and in Fig. 362, is rigidly made of stiff metal, either 
iron or aluminum. Aluminum is preferable due to its non-corroding pro- 
perties. The back plate is perforated with slots to prevent" compression 
of the air between the plates. In order to obtain a large force on the 
moving plate, the dielectric must be as thin as possible, must have a high 
dielectric constant, and a high breakdown voltage, and must be very 
flexible. In the speaker shown in Fig. 362, the back plate is covered by a 
thin, stretched, rubber compound called “Kylite”. This is about .005 inch- 
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Fig 362— The simplicity of the construction of a condenser speaker is shown here. The 
Mio\.ihle foil surl.ue is shown it the left and the rear view showing the rigid 
aluminum stationaiy perforated plate is at the right No coils, magnets, cones, 
horns, etc are employed 

es thick, has a dielectric constant of about 3, and has a breakdown voltage 
of at least 2,000 volts for this thickne.ss. A thin, beaten tinfoil leaf about 
.0001 inches thick, is cemented on the outside surface of the Kylite sheet. 
Units about 8 x 12 inches in size are made up in this way. Any number 
of these units may be connected in parallel, in order to obtain a large 
surface from which to radiate the sound waves. The capacitance of each 
section is about .004 mf. 


Just as with loud speakers of the free-edge cone type, it is necessary 
to use a baffle-board or baffle cabinet in order to radiate the lower audio- 
frequency tones. The same rules apply to the calculation of baffles for 
this purpose as in the case of cone-type loud speakers, (see Art. 467). 
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481. Connections of the condenser-type speaker: When a 

speaker of this type is Used, the radio receiver with its associated audio- 
frequency amplifier must have the same properties as those required for 
good reproduction with magnetic and electro-dynamic loud speakers, with 
the exception of the arrangement of the circuit for the output of the last 
audio-frequency stage, and the provision of a suitable polarizing voltage. 



Fig 3b3 — Several possible circuit arrangements for connecting a condenser type loud speaker 
to the power amplifier stage of the radio receiver 


Whereas the impedance of the moving-coil type loud speaker is usually very low, 
averaging approximately 25 ohms at 1000 cycles, and the impedance of the average 
magnetic-type loud speaker is about 4,000 ohms at 1000 cycles, the impedance of the 
condenser-type loud speaker is very high; that is, of the order of magnitude of 50,000 
ohms at 1000 cycles. It is, therefore, evident that circuit arrangements must be some- 
what different in the case of the condenser loud speaker, in order to obtain the proper 
impedance relationship. If a transformer is used to couple the loud speaker with the 
output tube of the audio frequency amplifier, it must have a step-up impedance ratio 
instead of the step-down ratio which is usually employed for other types of loud 
speakers. The last tube may be impedance-coupled as shown at (A) of Fig. 363. 
However, if a low plate impedance power tube is used in the last stage, this is a very 
inefficient method of connection. A method for connecting this loud speaker with a 
push-pull amplifier is shown at (B). Where the last tube in the set is a power tube, 
such as the 210 or 250, the voltage may also be used as the polarizing potential 
for the condei^ser loud speaker, as shown at (A). Sometimes it is desired to use a 
separate source of polarizing voltage m which case a step-up transformer, a 201-A 
type tube, and a 1 mfd. filter condenser are connected as shown at (C), to provide 
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the polarizing voltage. As the polarizing voltage is operative only when connected 
so as to give a closed d-c path for the biasing charge, a megohm grid leak resistor 
has been shown in these diagrams where the output circuit contains a condenser. 
This completes the d-c path, and the 1 mfd. condenser allows the completion of the 
a-c path through the speaker. 

Since the impedance of the condenser-type loud speaker is inversely proportional 
to the frequency, the division of voltage between the resistance of the last stage tube 
and the condenser-type loud speaker will change with the frequency; the voltage 
across the loud speaker being greatest at low frequencies and smallest at high fre- 
quencies. This quality can be compensated by proper design of the coupling trans- 
former or by the introduction of resistance in series with the condenser-type loud 
speaker, as shown at (D). The resistor used must be of the best quality in order 
that no extraneous noise shall be introduced into the loud speaker circuit. The latter 
method improves the frequency-respon.se characteristic at the expense of the sensi- 
tivity of the loud speaker, hence a compromise must be effected between the two. A 
value of about 15,000 ohms is recommended for a single section Kyle speaker, about 
25,000 ohms for four sections, etc. It is, of course, possible to design the audio-fre- 
quency amplifier of the receiving set m such a manner as to have a rising frequency- 
response characteristic which will compensate the falling frequency-response charac- 
teristic of the condenser-type of speaker. In this way, maximum response may be 
obtained, with a fairly flat overall audio frequency-response characteristic. 

482. Limitations and advantages of the condenser-type speaker: 

One of the first limitations of this type of speaker is that we must apply 
the direct polarizing voltage which must be very much larger than the 
alternating signal voltage applied, in order to minimize distortion. Sec- 
ond, the polarizing voltage must not be increased beyond 500 or 600 volts 
because of the danger of break-down between the fixed plate and the 
diaphragm. Further, it is not safe nor practical to generate much higher 
voltages than 600 for such a purpose. Third, the distances between the 
plates cannot be made indefinitely small for several reasons: (a) because 
the polarizing voltage would tend to puncture the insulation between the 
two plates if the distance were too small; (b) there must be sufficient dis- 
tance so that the diaphragm may move back and forth in order to impart 
a mechanical wave-motion to the air in front of it; (c) if this distance 
were too small, the diaphragm might actually strike the stationary plate 
causing a short-circuit if too great a voice voltage were applied or if re- 
sonance existed either in the electrical circuit or in the mechanical con- 
struction of the loud speaker. Hence, it is seen that compromises must be 
effected throughout in the design of this type of loud speaker just as in the 
case of the magnetic and electro-dynamic loud speakers considered in 
previous articles. 

As a result of these compromises, the sensitivity and efficiency of the condenser 
loud speaker is, in general, low. Due to the small permissable distance between the 
diaphragm and the back plate the large amplitudes of motion necessary for the ade- • 
quate radiation of low tones is difficult to attain in a practical speaker of this kind. 
This makes it difficult to obti^.n adequate response at the low frequencies, although 
the audio amplifier used ahead of the speaker can be designed with over-accentuated 
low-frequency amplification to compensate for the decreased sensitivity. The problem of 
developing a suitable dielectric material which nas all of the desirable properties men- 
tioned above and yet which does not deteriorate rapidly, has probably been the great- 
est problem in the successful commercial development of this form of speaker. 

One of the main advantages of the condenser-type speaker is its 
simplicity of construction and very low cost. It has but one movable 
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part and contains no coils or magnetic field construction. It can be made 
very compact. The diaphragm is attracted as a whole over the greater 
part of its surface, instead of being actuated at a point as in most moving- 
iron and moving-coil constructions. This reduces the effects of compli- 
cated modes of vibration of the diaphragm with resultant multiple reson- 
ances. Another advantage is the practicability of using exceedingly thin 
non-magnetic diaphragms of great flexibility and low inertia, thereby 
making possible the reproduction of the higher audio frequencies. Also 
a large flat surface is usually better adapted to the radiation of sound 
than is a cone or horn, since directional effects are reduced, and the sound 
seems to come from all directions rather than from any one place. 

483. Comparison of various types of loud speakers: The question 
of which of the type of speaker described in this chapter is best, does 
not permit of any single definite answer — for all of them have special 
operating characteristics which make them particularly desirable for cer- 
tain classes of work. Ignoring electrical characteristics and confining at- 
tention to acoustic ones, there are three essential characteri.stics of a loud 
speaker. One of them is the sensitivity, that is, the sound intensity which 
the loud speaker emits for a certain electrical input (or a certain ampli- 
tude of vibration) of the diaphragm. The second is the amount of dis- 
tortion which is produced, which means the degree (if any) to which the 
apparatus changes the acoustic characteristics of the sound vibrations 
emitted by the diaphragm. The third is what is called the “cut-off”. This 
means the points of low frequency and of high frequency below which, 
and above which, sounds are not produced efficiently. 

There is no doubt that among the magnetic class of speakers, the 
moving coil type is most suitable for normal requirements in modern 
radio receivers, on account of its ability to handle large signal voltages 
without rattling. The question of whether a horn or a cone should be 
used with the coil driving unit, is also one whose answer depends on the 
particular applications of the speaker. 

In freedom from distortion the exponential horns aro quitp sati^^fartory, but it is 
possible to avoid distortion with other types of loudspeaker also. The .same i.s true 
of the matter of cut-off. The lowest frequency which a horn will emit, which deter- 
mines its low-frequency cut-off, is not fixed by the exponential principle, hut merely 
by the lenprth and w'ldth of the horn and by similar characteristics. Kither an expo- 
nential horn or a cone loud-speaker or some non-exf»oneni lal variety of h<»rn can be de- 
sig^ned to have a low and favorable cut-off, emittinj^^ f r»*(juencies down to fifty or •^ixty 
cycles or even lower. 

It IS the first factor, that of sensitivity, w’hich brin>?s the exponential horn its 
greatest victories. With a relatively small amount of enerp^y emitted from the dia- 
phragm itself, the cone of air, expanding a.s the horn enlarges in accordance with the 
exponential principle, transmits an exceptionally large fraction of this diaphragm 
energy to the outer air. If the exact dimension*- of the horn provide the desirable 
low cut-off and if the details of design are adjusted to minimize distortion, it is possible 
to obtain great volume, which means loudness, without interfering with the ab.sence 
of distortion which is so necessary for first-class musical reproduction 

It is for tbis reason that the horn type of speaker with an efficient form of moving 
coil driving unit, has been so very popular in all those applications where loudness is 
an essential factor; for example, where large audiences arc being entertained as in 
theatres, halls, etc., or where music is to be provided for marching or for dancing. 
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For use in home radio receivers where the space available for the loud speaker 
IS very limited, the cone type seems to fill the requirements best, because horns capable 
of reproducing down to the low audio frequencies are necessarily very long and large, 
even if they are of the folded type, whereas a cone speaker is small and compact. 
If the condenser type of speaker can be developed to a satisfactory commercial form 
with a suitable dielectric of long life, it is possible that it may yet supplant the cone 
type speaker for home use, on account of its relative cheapness and excellent repro- 
duction when used with an audio amplifier designed especially to compensate for its 
deficient reproduction of the low-frequency sounds. 

484. Desirable loud speaker characteristics: While it is desir- 
able from the point of view of “naturalness of reproduction” in speech and 
music to reproduce faithfully all sounds up to 8,000 or 10,000 cycles per 
second, the use of any loud speaker, or speaker combination, that effi- 
ciently reproduces these extreme high frequencies imposes severe re- 
quirements upon the system with which it is operated. In systems using 
recorded programs, the “surface” or “ground noises” on both film and 
disc records becomes much more troublesome because much of this noise 
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Fif? 364 — The frequency-response of the audio 
amplifier (B), and that of the speaker 
(A), must both be considered, since 
the results obtained (C), is really the 
combustion of both. The r-f ampllfler 
should also be considered, since the 
high audio frequencies will be lost, 
if sideband suppression takes place 
in the r-f amplifier. Deficiencies in 
the frequency response of the 
».peaker may often be compensated 
fur in the r-f or a-f amplifier 


energy is in the high frequency range. To realize the full value of im- 
proved high-frequency performance in the loud speaker, recordings with 
very low noise levels must be used, as otherwise the increased noise may 
be more objectionable than the loss of the high frequencies. Even^ in 
programs supplied by bro: dcasting circuits where there is no recording 
process, special care must be taken to exclude extraneous noises due to 
stray electrical disturbances such as are caused by atmospheric “static*', 
electrical machinery and “power” leaks, etc. These might be quite toler- 
able if the system did not respond efficiently to the high frequencies. 
Amplifier overloading and any other distortion in the system is also much 
more readily detected by the ear when the high frequencies are present. 
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This tends to make it necessary to use higher powered amplifiers and 
better equipment throughout. 

At the present time, these and other considerations seem to preclude 
the general use of a loud speaker capable of efficiently reproducing the 
entire audible frequency range. While the reproduction of the extremely 
high frequencies is an accomplishment greatly to be desired, it is neverthe- 
less a refinement which cannot be achieved through improvement of the 
loud speaker alone ; development of better a'pparatus and technique in the 
rest of the transmission and reproducing system must keep pace. 

485. Combining audio amplifier and speaker characteristics: If 
definite knowledge regarding the frequency-response characteristics of a 
certain loud speaker is at hand, the audio frequency amplifier for use with 
it can be designed to supplement the loud speaker at its weak points, that 
is, at the frequencies for which the loud speaker is deficient, the ampli- 
fier can be designed to increase the response and conversely where the 
loud speaker response is more than normal, the amplifier can be ar- 
ranged to reduce the response. As an example of this, (A) of Fig. 364 
shows the response curve of a certain speaker. The low note reproduc- 
tion is weak, the middle frequencies are normal and the high frequencies 
are weak. Obviously the audio amplifier should be designed to have the 
frequency respon.se characteristics shown at (B), with the low and high 
frequency amplification exaggerated, and relatively lower amplification 
over the middle register. The approximate resultant response^ curve of 
the speaker and horn combined is shown at (C). Notice that the defi- 
ciencies of the speaker have been nearly corrected by proper design of the 
a-f amplifier. Obviously this amplifier would only give these good re- 
sults when used with this particular type speaker, if another speaker were 
used the resulting response would be totally different. 

, Transformer-coupled or shunt-feed coupling by the Clough system 
lends itself nicely to this sort of work, since the amplification character- 
istic of the transformer can be modified easily. Al.so, certain frequencies 
can be suppressed by band filters, or strengthened by resonant circuits. 
This practice of compen.sating for the deficiencies of one electrical circuit by 
over-exaggerating the corresponding characteri.stics in another circuit in 
a system, is u.sed extensively in telephone work. It is also possible in many 
cases to make up for certain deficiencies in the receiver characteristics by 
means of a loud speaker having special design features. Thus the high- 
frequency audio suppression cau.sed by an r-f amplifier which is .so selec- 
tive that it cuts sidebands can be compensated for by the u.se of a loud 
speaker which properly over-accentuates the high-frequency notes. 

It is evident from a .study of the curves of Fig. 364, that all types of 
loud speakers will not operate equally well with all audio amplifiers. This 
is the reason why a certain loud speaker will appear to work very well 
with a particular set and may give only average results when connected 
to a different receiver. As a matter of fact, an audio amplifier having ideal 
straight-line frequency-respon.se intensifies the poor frequency response 
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of a loud speaker of average worth, as shown, and really makes it sound 
worse than shown in the diagram at the upper right of Fig. 364. 

It must be kept in mind however, that the difference in hearing facili- 
ties of different persons makes it impossible to produce one sound-repro- 
ducing system which is absolutely satisfactory to every person. Compro- 
mises must be made. Some persons are pleased with reproduction 
where all of the low notes are reproduced. Others are pleased with re- 
production which includes only part of the low-note range, etc. Tone 
controls in the audio amplifier help to provide an adjustment of the fre- 
quency response to suit the individual tastes of the listener. It must be 
remembered that the compensating possibilities of the audio amplifier 
apply to frequency-response and not to any correction for wave-form dis- 
tortion which may occur in either the amplifier or the speaker. This form 
of distortion is not so readily corrected. 

Loud speakers should never be compared by listening to their reproduction when 
connected to a poor receiving set, since the better of the speakers will sound worse. 
This IS due to the fact that the better the freejuency-response curve of the speaker the 
more the defects of the receiver ^esDecially overloading), will appear in the repro- 
duction. If, however, two loud speakei> are connected to a double-pole double-throw 
switch, the blade po.sts of which are connected to the ouput of a good set, which set is 
tuned to a good lnrn.1 broadcasting ‘^tation, a useful comparison may be made. The 
relative intelligibility of speech is an indication of the presence of the higher audio 
frequencies. If “f,” “s,” “v,” “b,” “p,” and “th” are clearly distinguishable, the loud 
speaker has a good high-frequency characteri^stic. If, when listening to the piano, the 
tones are deep and rich, the low-frequency chai acteristic is good; on the other hand, 
if the piano sounds thin and tinny the lou frequency characteristic of the speaker is 
deficient. If the voice is full and clear and intelligible, and yet has an unnatural 
metallic quality, tnere is at least one high peak in the middle or upper range of the 
irequency-response curve. 

486. Connecting several speakers together: The methods of 
connecting several speakers to the output circuit of the power amplifier 
stage of the audio amplifier will be considered in Chapter 30. 

REVIEW QUESTIONS 

1 What is the function of the loud speaker in the radio receiving 
system ? 

2. What is a loud speaker driving unit? Name three types of 
driving units? 

3. What is the difference between a “moving iron" and a "moving 
coil" type driving unit? 

4 Explain the operation of the iron diaphragm type of unit. What 
are its disadvantages? 

5. Explain the opeiation of the balanced armature type of unit. 
What are its advantages and disadvantages? 

6. Explain the operation of the moving coil type of unit. What 
are its advantages? 

7. Describe, the construction and operation of an electro-dynamic 
speaker designed to have its field operated from 110 volts a-c 
Why is the rectifier used? 
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8. What is the function of the coupling transformer between the 

plate circuit of the power tube and the voice-coil of an electro- 
dynamic speaker? • 

9. A speaker input transformer is to be designed to couple a 10 
ohm voice-coil to the plate circuit of two *50 type tubes in push- 
pull. What must be the impedance of the entire primary of the 
transformer and the turns-ratio for most efficient transfer of the 
maximum undistorted output? 

10. What is the purpose of the hum-bucking coil in a moving-coil 
speaker employing a dry-plate rectifier? 

11. What are the advantages of obtaining the field supply current 
for an electro-dynamic speaker by connecting it as a choke in 
the B power supply unit? 

12. How could you tell whether the voice-coil in a speaker needed 
re-centering or not? How would you proceed to re-center it? 

13. What is a cone speaker? Define free-edge cone, fixed-edge cone. 
What is the function of the cone? 

14. What is the function of the baffleboard used with a cone speaker? 
What baffle length is required for full reproduction of the 40 
cycle note of a bass viol by a free-edge cone? 

15. A cone-type speaker is installed under the radio receiver in a 
console cabinet. What must be the distance from the edge of 
the front face of the cone around the outside of the cabinet and 
inside to the back face of the cone, in order that sounds of fre- 
quencies as low as 100 cycles may be fully reproduced? 

16. The cabinet of a midget type receiver measures 12 inches across. 
18 inches high and 9 inches deep. The speaker having a 6 inch 
diameter cone is mounted directly in the center of the front of 
the cabinet. To what lowest frequency will the cabinet act 
as an effective baffle? If the diaphragm and driving unit are 
capable of vibrating as low as 100 cycles, will the notes down 
to 100 cycles be heard at all when this cabima is used as a 
baffle? 

17. A certain electro-dynamic speaker operating with a dry-plate 
rectifier delivering 2 amperes, and having a 1,000 ampere-turn 
field coil, is to be changed and connected sr) as to obtain its field 
current supply by connecting it as a choke coil in the filter sys- 
tem of a “B” power supply unit. When connected this way, 
100 milliamperes will flow through the field. If the field is to 
be re-w'ound for the new condition, how many turns of wire 
must it have, and will it be re-wound with smaller or larger wire 
than before? Are any other changes in the speaker necessary? 

18. Explain the operation of the inductor type speaker unit. What 
are its advantages? 

19. What is the function of the horn on a loud speaker? What 
characteristics should the horn material possess? 
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20. What is an exponential horn? What determines its cut-off fre- 
quency? What are its advantages over other types of horns? 

21. What is the advantage of the electromagnet type of moving-coil 
speaker over the permanent magnet type? For what applica- 
tions does the latter type have special advantages? 

22. Why is the horn used on the horn type loud speaker? How 
should the cross-section area vary along the length of the horn 
for best reproduction ? 

23. An exponential horn is to be designed with a throat inch in 
diameter, and is to have a cut-off frequency of 64 cycles. What 
must be the length of the horn and what is the size of the bell, 
if it is square? 

24. Why is the horn type speaker not used extensively in radio re- 
ceivers designed for home use? Why is it used extensively in 
public-address and sound picture work? 

26. What is the advantage of using two loud speakers, one designed 
to reproduce the low and medium frequencies and the other de- 
signed to reproduce the high frequencies? 

26. What is the principle of operation of the condenser type loud 
speaker? Why is a polarizing voltage used? 

27. What are the limitations of the condenser speaker? What are 
its advantages? 

28. • Draw a diagram of a condenser type speaker connected to a 

power output tube of a receiver, showing the necessary polariz- 
ing-voltage tube. 

29. What characteristics are desirable in a practical speaker used 
with an ordinary radio receiver? 

30. Draw the frequency-response characteristic of a loud speaker 
which does not reproduce either the middle or the high frequen- 
cies efficiently. Now draw the frequency-re.^ponse character- 
istic of an audio amplifier system to work with it, such that it 
will tend to compensate for the deficiency of the speaker. 

31. Why is it not advisable to employ loud speakers which will re- 
produce the audio frequencies up to 8,000 or 10,000 cycles, with 
present radio systems? What is lost by employing systems 
which only reproduce sounds of frequencies only up to 4,000 
or 5,000 cycles? 
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THE BATTERY OPERATED RECEIVER 

TYPES OF BROADCAST RECEIVERS -- APPLICATIONS OF BATTERY-OPERATED RE- 
CEIVERS — RECEIVER CIRCUns -- THE FILAMENT CIRCUIT AND SUPPLY — 
T-R-F RECEIVER - - DETAILED ACTION OF THE RECEIVER — RECEIVER WITH 
SELF GRID BIAS — VOLTAGE AMPLIFICATION PRODUCED BY THE RECEIVER — 
LOUD SPEAKERS FOR BATTERY-OPERATED RECEIVERS — SUPERHETERODYNE 
BATTERY-OPERATED RECEIVER — REVIEW QUESTIONS. 

487. Types of broadcast receivers; Now that we have studied 
the characteristics, construction and circuits of the various components 
which go to make up a radio receiving system, we may proceed with the 
study of complete receivers themselve.s. We will consider those receivers 
designed for reception of signals in the ordinary broadcast bapd of fre- 
quencies from approximately 500 kc to 1500 kc, first. Short wave 
receivers will be studied in a later chapter, as they pre.sent special design 
and construction problems. 

Radio receivers for broadcast reception may be classified according 
to the source of power which is used to operate their vacuum tubes. In 
one class we have the batte.rif-operated receivers which employ either pri- 
mary or storage batteries for this purpose; in the other are the electric 
receivers which obtain this power from the d-c or a-c electric light 
mains. The battery-operated type will be studied now. 

488. Applications of battery-operated receivers: While it is 
true that electric operation of radio receivers possesses many important 
advantages over battery operation, there are many fields of application in 
which electrically operated receivers cannot be employed, simply because 
no suitable or economical source of electric current is available. For in- 
stance, millions of farm and country homes are not supplied with electric 
current for lighting purposes, and therefore must resort to battery oper- 
ated receivers. Kveri in many city homes, the same condition exists. 
Battery operation is also necessary for receivers operated in automobiles 
and aircraft. (The special forms of receivers for the latter purposes will 
be considered in Chapter 29). There is, therefore, a very definite field 
for battery-operated receivers which shall produce results as nearly as 
possible equal to those obtained from electrically-operated receivers. 

489. Receiver circuiti: There are two main types of circuits 
employed in battery-operated receivers; namely, the tuned radio-fre- 
quency circuit and the superheterodyne circuit. The perfection of screen- 
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grid, general purpose, and pentode tubes for economical operation from 
batteries has done much toward furthering the development of these cir- 
cuits to a point wh^re splendid performance is obtained. Since the de- 
tector tubes available for battery operation are not able to handle signal 
voltages as large as those which are commonly employed in electric re- 
ceivers, the amplification obtained in the r-f amplifier must be kept down 
to a value such that the signal will not overload the detector tube. This 
means, in most cases that two stages of audio amplification are used fol- 
lowing the detector in order to bring the signal strength up to good loud 
speaker volume. 

490. The filament circuit, and supply: Most tubes used in bat- 
tery-operated receivers (excepting those used in aircraft and automobile 
receivers), are of the direct-heater type, in which the filament current 
flows through the coated filament which is also the cathode, (as shown at 
(B) of Fig. 189) . The construction of a three-electrode tube of this type 
is shown in Fig. 193, and that of a screen-grid tube is shown in Fig. 226. 
The filaments are connected in parallel across the source of filament volt- 
age, usually with a variable rheostat included in the circuit to enable the 
operator to compensate for the drop in voltage of the battery as it nears 
the discharged condition, and thus maintain a more uniform voltage at the 
filaments. Circuits of this kind are described in Article 53. The parallel 
filament circuit of a typical battery-operated receiver is shown in Fig. 32. 
In Fig. 83 combination of five tubes is shown connected so that two rheo- 
stats are used to control the filaments. The source of filament voltage 
.may be either dry cells, a storage battery or an Air-cell battery (see 
Article 65). Filament operation with dry cells is really so expensive and 
bothersome that it has nothing to recommend it unless the receiver is to 
be made very light for portable use. Likewise, the use of a storage bat- 
tery is bothersome due to the necessity for frequent charging and the 
likelihood of sulphuric acid getting on to furniture, rugs, etc. However, 
there are many receivers still in use, which employ a storage “A” battery 
for filament supply. The development of the improved types of tubes 
having filaments designed for 2-volt operation, together with the per- 
fection and use of the 2-volt Air-cell battery described in Article 65, has 
led to the development of very efficient battery operated receivers. Dry 
cell B batteries (see Article 62) of either the cylindrical cell or Layer-bilt 
construction are employed for “B” voltage supply. 

The ordinary form of dry cell, described in Article 60, is not perfectly satisfactory 
as a source of filament voltage and current in radio receivers which are to be op- 
erated by batteries. Due to the fact that the internal resistance of dry cell increases 
greatly as it becomes older, the available voltage at its terminals (p.d.) when it is 
delivering current, drops lower and lower with use. Therefore, in order to maintain 
a constant voltage at the filaments of the tuber in a receiver using dry cells for fila- 
ment voltage supply, a combination of dry cells initially supplying higher voltage 
than the filaments are designed for, must he used, (two or more 1.5 volt dry cells 
must be connected in series to obtain this voltage). A variable resistance (called the 
filament rheostat. Fig. 30) must be connected in series in the circuit to absorb the 
excess battery voltage when the cells are new. As the receiver is used and the term- 
inal voltege of the cells drops, the resisUnce of the filament rheosUt must be gradually 
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reduced, so as to maintain a constant voltage across the tube filaments. This arrange- 
ment is rather bothersome, and in actual practice the tubes are usually being burned 
above or below their rated voltage due to improper or careless adjustment of the 
rheostat. This results in very much shortened tube life. 

The Air-cell “A” battery was developed to overcome this trouble, by providing 
practically constant voltage at its terminals throughout its entire useful life — that 
is, its internal resistance does not increase greatly with use. This makes it more 
suitable than the ordinary dry cell for the purpose of supplying a steady voltage to the 
tube filaments of battery operated receivers. Part (B) of Fig. 40 shows an interesting 
comparison of the voltage actually delivered at the filaments of a battery-operated 
radio receiver using seven tubes of the 2 volt type, drawing a total filament current 
of about 0.55 ampere. The set was used three hours daily. When a bank of 8 dry 
cells (2 groups of 4 cells each, the cells in each group being connected in parallel and 
the two groups connected in series to give 3 volts) was used to supply voltage to the 
filaments, it required 4^2 dry battery renewals and installations (total of 36 dry 
cells) to operate the set for 1,100 hours. In each case the bank of dry cells was dis- 
carded when its total voltage dropped to 2 volts (the rating of the tube filaments). 
Notice from Fig. 40, how the dry cell voltage drops as the cells are used. Each bank 
of dry cells was only good for about 250 hours of operation. When the same re- 
ceiver was operated from an Air-cell “A" battery, the voltage applied to the filaments 
remained practically constant (as shown in Fig. 40), throughout the entire life of the 
battery, (about 1,100 hours). As the cost of 36 dry cells is about double the cost of 
the Air-cell battery, and the latter provides the correct filament voltage throughout 
its entire life (600 ampere-hours capacity) its advantages are apparent. 

Receivers designed especially to take full advantage of the character- 
istics of the 2-volt type of vacuum tubes will now be considered. These 
tubes are the '30 type general purpose tube, the '32 type screen-grid tube, 
the '31 type 3-electrode power tube, and the *33 type power pentode (see 
Fig. 214). 

491. T.R.F receiver; A typical . battery-operated receiver of 
the t-r-f type, designed for home use, is shown in Fig. 365. The r-f 
amplifier contains three tuned stages employing screen-grid tubes. The 
detector is of the grid-bias type and also uses a screen-grid tube. This is 
followed by one stage of resistance-capacity coupled a-f amplification 
feeding into a pentode power amplifier tube. By using resistance coup- 
ling, it is possible to place quite a high impedance plate load in the detector 
tube circuit in order to obtain efficient voltage transfer, since the a-c plate 
resistance of a screen-grid tube operated as a grid-bias detector is very 
high. The last audio tube is of the pentode type, for high power sensitiv- 
ity. If an ordinary moving-iron type speaker is used, the use of a 30- 
henry choke and 2 mf. condenser for coupling it to the pentode tube as 
shown, is satisfactory. If a moving-coil type speaker is used, it must have 
an input transformer designed especially for operating between power 
pentode tubes of this type and the low-impedance voice-coil. 

The four tuning conden.sers C,, may be a single 4-gang condenser for 
single-dial tuning control. Choke coils L and by-pass condenser C are for 
eliminating interstage coupling in the common resistance of the “B” bat- 
teries. Volume control is obtained by means of the potentiometer R, 
which enables the screen grid voltage on the r-f tubes to be varied, and 
the amplification controlled. Rheostat Ri provides a control for the- fila- 
ment voltage. The connections of the various batteries are shown. Three 
45 volt “B” battery blocks are connected in series to obtain the 136 volts 
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necessary for the proper operation of the plate circuits of the tubes. Dry 
cell “C” batteries supply the proper grid-bias voltages. 

492. Detailed action of the receiver: The various changes which 
an incoming signal voltage causes in the grid and plate circuits of the var- 
ious tubes is shown above the circuit diagram. This should be studied 
carefully as it gives a graphic picture of what actually occurs in a radio 
receiver. The modulated r-f signal voltage induced in the antenna cir- 



Flir 365 — Typical screen g^nd l-r-f receiver using 2-voU type tubes and operated by an Air- 
cell "A" battery and dry cell "B" and "C" batteries A pentode power ampliner 
tube IS used in the last audio stage. The changes which the modulated r-f signal 
voltage causes m the grid and plate circuits of the successive tubes when it acts 
on the Input of the receiver, are shown by the graphs above Standard screen grid 
type tuning coils and .00035 mf tuning condensers may be employed. The graphs 
for the grid cir< uits represent the »^arying signal voltages applied to the Snd. 
Those for the plate circuits represent the varying plate currents, caused by the 
signal \oltage \ariations 


cuit is transferred to the grid of the first r-f tube by the antenna coup- 
ling transformer. This alternating signal voltage is represented at A, 
and is applied to the grid circuit of the first r-f tube. This causes the 
plate current to vary in exact accordance with the r-f variations in it. 
The r-f varying unidirectional plate current flowing through the primary 
of the r-f transformer in its plate circuit, causes amplified voltages to 
appear across it as shown at B. The varying voltage is transferred to the 
secondary winding by transformer action, and acts on the grid circuit of 
the second r-f tube. T..is is repeated in each r-f stage, amplification 
taking place in eacl^ stage, and the voltages appearing as at C, D, E, F and 
G. Of course this desired signal is selected from all others by the tuned 
circuits of the r-f amplifier. In the plate circuit of the detector a very 
important action occurs. First of all, since the tube is operated at the 
lower bend of its characteristic, practically no plate current changes are 
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produced when each negative half cycle of the signal voltage is applied to 
the grid circuit (see (D) of Fig. 236). Hence, the lower halves of the sig- 
nal variations are eliminated. The result of this action is shown at H. 
Due to the action of the by-pass condenser in the plate circuit, the r-f 
variations are removed from the plate current flowing through the 160,000 
ohm coupling resistor, and the result is a current varying at audio fre- 
quency as at I, whose modulations are the same as those of the modulated 
r-f signal voltage at A. This audio-frequency voltage is amplified by the 
audio amplifier tube. The amplified output, appearing as at J, is fed to 


j/ A£mfr^¥f 



At LfAsr jma 
50 MM 

9 M9 9CO OAmS 
ttc dtms IS Mi 
• isi OMms is MA 
< iOO OMMS is MA 
A $ OHMS 


Fig 366 — Typical screen grid l-r-f battery nperated re«ei\er with 2-volt type tubes A 
tapped resistor Is employed for furnishing self-grid bias voltage to the various tubes 
— thus eliminating the usual “C” batteries A push-pull output stage Is employed. 
Standard screen grid type tuning coils and tuning • ondensers may be employed 

the loud speaker through the speaker coupling circuit, where it is con- 
verted into sound waves of the same wave-form and frequency. This 
completes the operation of the receiver. The additional energy added to 
that of the original incoming signal comes from the “B” batteries. 

493. Receiver with self grid-bias: The circuit diagram for a 
simple battery-operated receiver in which the grid bias voltages are all 
obtained automatically by utilizing the voltage drops through resistors 
Ri, Rj and Rs of proper value for this particular tube arrangement, is 
shown in Fig. 366. This circuit differs from that in Fig. 365, in that a 
3-electrode tube detector is employed, and a 3-electrode power amplifier 
tube is used, making the u.se of two audio stages necessary, the output 
stage being of the push-pull type. The first a-f stage is resistance-coup- 
led to the detector and the second is transformer-coupled to the first a-f 
tube. 

The combined plate current Ip of all the tubes, flows through resis- 
tances Ri, R-j and R.i in the direction of the arrows. This makes the poten- 
tials of points E, F and G lower than that of H. Since H is connected to 
the negative filament terminals of the tubes (from which point all grid and 
plate voltages of a tube are referred), and points E, F and G represent 
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the grid-return points of the power amplifier, detector and first audio, and 
r-f tubes respectively, it follows that the grids of these tubes are main- 
tained at a definite negative grid bias potential with respect to their fila- 
ments. Resistors Ri, R 2 and R 3 are properly proportioned to apply the 
proper bias voltages to the tubes. Several advantages result from this 
form of circuit. First, no C batteries are required. Second, correct C 
bias is furnished to the tubes regardless of the condition of the “B” bat- 
teries. As the “B" batteries get older and their voltage drops, proportion- 
ately less plate current flows through these resistors and so the grid-bias 
voltages are correspondingly reduced to the proper value for the particular 
plate voltages which are being applied to the tubes. Since the grid bias 
voltage obtained by the voltage drop in the bias resistor, is being sub- 
tracted from the applied “B” battery voltage in this circuit arrangement, 
the effective voltage acting on the plates of the tubes is actually less than 
the applied “B” battery voltage by this amount. Therefore a higher “B" 
battery voltage than is ordinarily used must be employed, (157.5 volts in- 
stead of 135 volts), to make up for this. This is not necessarily objec- 
tionable since the battery connections are greatly simplified (compare 
with circuit of Fig. 365), and the problem of battery renewal and con- 
nection is simpler. 

Since 3-electrode type power tubes are used in the last audio stage, 
they a^^ connected in push-pull in order to provide ample handling capa- 
city for even loud signals. A reduction of second harmonic distortion 
also results from this connection. 

493 A. Voltage amplification produced by the receiver: In or- 
der to obtain some idea of how much amplification of the weak signal 
voltage in the antenna circuit is produced by a radio receiver, we may cal- 
culate the overall voltage amplification of the receiver as shown in Fig. 
366. 

The input voltage applied to the first r-f tube is amplified by it, and appears as 
a larger voltage across its plate circuit load. This is stepped up slightly by the r-f 
transformer and appears in the secondary winding, where it is applied to the grid 
circuit of the following tube. This amplifies it in the same way, and so on through 
to the output terminals of the receiver. Let us suppose a gain of 5 is obtained between 
the antenna and the input to the first r-f tube. Now although the voltage amplifica- 
tion factor of the ’32 type tubes employed as r-f amplifiers in this receiver is found 
from Fig. 214 to be 440, it is not possible to obtain this much amplification from the' 
tube, because the a-c plate resistance is so high, (800,000 ohms), that the impedance 
of the r-f transformer primary connected in the plate circuit is small compared to 
this. Therefore only a small part of the amplification factor of the tube is actually 
made effective in practice. Let us suppose the actual voltage amplification produced 
by the detector is 3. We will suppose that the primary winding of the transformer. 
T connected in the plate circuit of the first a-f tube is of high enough impedance so 
that 90 per cent of the amplification factor (8.8) of the tube is realized. The ratio 
of this transformer, is 3 to 1. Also suppose that 50 per cent of the amplification factor 
of 3.6 is realized from each power amplifier tube. Then the amplification produced 
by the entire receiver is considered as follows: 

Between antenna and grid of 1st r-f tube, 5 ; by first V-f tube and 
transformer. 30:-. by second r-f tube and transforrtier, 30; by third r-f 
tube and transformer, 30; by detector, 3; by resistance coupling, 0; by 
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first a-f tube, 8.8X.90: by input transformer T, 3; by each push-pull tube, 
3.5x0.50. Since the output voltages in the two halves of the primary 
of the push-pull output transformer combine additively, the total signal 
voltage appearing across the entire primary is 2 times this value. There- 
fore, the total amplification is : 

5x30x30x30x3x8.8x.90 x3x3.5x.50\2rr:34,000,000. approx. 

This amplification of approximately 34 million gives some idea of the 
large total voltage amplification which may be obtained by connecting sev- 
eral amplifier tubes in suitable cascade circuits, so that each tube amplifies 
the voltage output of the previous one. Suppose that the antenna of 
this receiver is situated in the field of a transmitting station such that 2 



Fl» 367 — Typical battery-operated superheterodyne receiver ernployinjr I t-r-f ampUfler 
stage ahead of the first detector, and 2 Intermediatp-freuncncy ampUfler stages 
A bingle push-pull output audio stage is employed 

mierovolts (.000002 volts), is induced in it. Then the voltage appearing 
across the secondary of the push-pull output transformer would be : 

.000002X34,000.000=68 volts. 

The total voltage amplification produced by any receiver may be cal- 
culated in this way. 

494. Loud speakers for battery-operated receivers: The possi- 
ble choice of a suitable form of loud speaker for a battery-operated re- 
ceiver is narrowed down to the use of either a moving-iron type cone 
speaker, an inductor type speaker, or one of the permanent magnet mov- 
ing-coil type. These are described in Chapter 25. All of them are capa- 
ble of very .satisfactory results if they are well designed and constructed. 
The use of a moving-coil speaker employing an electromagnet type of field 
is not practical due to the fact that it is not economical to supply the elec- 
trical power’required by the field, by means of batteries. 

495. Superheterodyne battery receiver: A typical circuit dia- 
gram of a superheterodyne receiver designed for battery operation is 
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shown in Fig. 367. The special “pad” tuning circuit for the oscillator is 
necessary to equalize the tuning with that of the r-f and detector circuits 
in order that single-control tuning may be employed. Two stages of inter- 
mediate-frequency amplification are employed, the first stage coil being a 
sharply tuned band-pass filter. The second detector feeds directly to the 
push-pull output stage as shown. The filaments are all connected in par- 
allel across the “A” battery supply terminals. 

REVIEW QUESTIONS 

1. Since electric operation of radio receivers presents so many ad- 
vantages over battery operation, why are battery operated re- 
ceivers used at all ? 

2. Draw the complete circuit diagram of a 5 tube t-r-f battery 
receiver employing two ’32 type tubes for r-f amplification, a 
’30 type tube as a detector and one as the first a-f amplifier, and 
a single ’31 type tube in the output stage. Both audio stages 
are to be transformer-coupled. Show the connections for all 
batteries also. 

3. Show by means of a suitable diagram, and explain in detail, 
just what actions an applied signal voltage causes in the grid 
and plate circuit of each tube in a 5 tube t-r-f receiver. 

4. ^ What would happen if no detector tube were used in the above 

circuit? Explain in detail. 

6. Name the various types of loud speakers with which you are 
familiar and give your reasons why each one may or may not be 
desirable for use with a battery-operated receiver for home use. 

6. How do run-down “A” or “B” batteries affect the operation of 
the receiver? 

7. How would you determine whether the “B” batteries needed re- 
placement? How would you test the condition of the "A” bat- 
tery, (a) it it consisted of dry cells; (b) if it was a lead-acid 
storage battery; (c) if it was an Air-cell battery? 

8. A receiver employs three ’32 type tubes as r-f amplifiers, one 
type ’30 tube as a detector and two ’33 type tubes in push-pull. 
The detector plate voltage is 45 volts and that applied to the 
amplifier tubes is 135 volts. Proper grid-bias voltages are ap- 
plied to each. What is the total current drawn from the “B” 
batteries? (Use the table in Fig. 214.) 

9. What is the total filament current drain of the above receiver?- 

10. What are the auvantages of arranging the circuit of a battery 
operated receiver so self-gridbias voltage is provided, instead of 
using dry cell “C” batteries? What are the disadvantages? 

11. Why is the total voltage amplification produced in a radio re- 
ceiver calculated by multiplying together the amplifications pro- 
duced by the individual stages, rather than adding them? 
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THE POWER SUPPLY UNIT 

ELIMINATING THE “B” BATTERY — TYPES OF SUPPLY LINES — REQUIREMENTS 
OF THE B POWER SUPPLY UNIT — B POWER UNIT SYSTEM — POWER TRANS- 
FORMER — RECTIFIERS — HALF-WAVE RECTIFIER — FULL-WAVE RECTIFICA- 
TION WITH HALF-WAVE RECTIFIER TUBES — FULL-WAVE RECTIFIER TUBE — 
MERCURY VAPOR RECTIFIER TUBE — THE FILTER SYSTEM — - TUNED CHOKE 
FILTER SYSTEM — FILTER SYSTEM ARRANGEMENTS — THE CHOKES AND 
FILTER CONDENSERS — VOLTAGE DIVIDER SYSTEMS — VOLTAGE DIVIDER WITH 
VARIABLE RESISTORS — VOLTAGE REGULATION — LINE DISTURBANCES — 
COMPLETE POWER SUPPLY UNIT — “B” POWER SUPPLY UNIT FOR D-C LINES 
— MEASURING OUTPUT VOLTAGES — REVIEW QUESTIONS. 

496. Eliminating the “B” battery: In the battery-operated re- 
ceivers considered in the previous chapter, common dry cell “B” batteries 
are used as a source of voltage for maintaining the plate of each tube at 
a positive potential with respect to its cathode. The filament o-v..*rent is 
also furnished by a battery. While receivers of this type do have certain 
fields of application as pointed out, they form a small portion of the receiv- 
ers in use, because of the troublesome necessity for battery renewal and the 
fact that the use of sufficient “B” batteries for obtaining the high plate 
voltages for the proper operation of modern power tubes having adequate 
handling capacity, is very expensive and impractical. Wherever either 
a. c. or d. c. electric light service mains are available, it is much more sat- 
isfactory and economical to obtain all “A”, "B" and "C” power for the 
operation of the receiver, from the electric light mains. Receivers oper- 
ating this way are called electric receivers. 

As has already been pointed out, the purpose of the filament current 
is merely to heat the cathode to a temperature at which electrons are 
emitted. Any form of current will heat a filament, so either direct or 
alternating current may be u.sed for this purpose. The problem of fila- 
ment current supply in electric receivers is solved sati.sfactorily by using 
separate-heater type tubes, who.se filaments are heated by either the direct 
current or raw alternating current of proper voltage from the electric 
light lines. The problem of plate voltage supply is not .so simple, because 
the plate voltage applied to the tubes mu.st be unidirectional and abso- 
lutely .steady with no pul.sations. Any rapid variations or pulsations in 
the B supply voltage will cause corresponding variations in the plate cur- 
rents of the tubes, in exactly the .same way that the radio signals do. 
These, being amplified by each successive tube, will be quite strong at the 
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output of the receiver and will cause objectionable loud hums or other 
noises to be heard in the loud speaker. Just how important this is, may 
be seen from the following experiment : 

Experiment: Obtain a complete receiver and loudspeaker, which are capable of 
good low note reproduction. The receiver should preferably be of the battery operated 
type to facilitate changeover of connections, and a 1 mfd. condenser should be con- 
nected in series with the ground lead between the ground terminal on the receiver 
and the ground connection. Operate it so a station is received loudly and clearly. 
Now disconnect the B batteries and connect the 110 volt a-c electric light circuit In 
their place, all the B-|- terminals of the set going to one side of the lighting circuit, 
and the B — terminal going to the other side. Nothing but a loud 60 cycle hum or 
roar will now be heard. If a d-c electric light circuit is available, this may be used 
instead of the a-c line, being careful to connect the positive side of the line to the 
B4- terminals of the receiver. In this case the hum will not be so loud, but it is 
enough to be objectionable. 

This experiment convincingly illustrates the fact that the voltage 
in the form supplied by the electric light supply line is not suitable for 
use directly as the plate voltage in the radio receiver. It can be made 
suitable however, by proper apparatus which we will now study. That 
for use with a-c electric light lines will be studied first. The apparatus 
for use with d-c lines is much simpler and will be studied later. 

497. Types of supply lines: Current for electric lighting and 
power purposes is supplied in two forms, alternating current and direct 
current. The use of a-c for this purpose is the most common and wide- 
spread, although many communities are supplied with d-c. The construc- 
tion of 41ie "B” power unit depends upon the type of current supplied. 
This may be ascertained in any particular case by inspecting the name- 
plate on the watthour meter installed by the electric light company for 
measuring the amount of power consumed, or by communicating with 
the local electric light company. We will first consider those "B” power 
supply units which are designed for operating the plate circuits of radio 
receivers from the a-c electric light circuit. 

498. Requirements of the “B" power supply unit: Before pro- 
ceeding with the actual study of the operation and construction of the 
“B” power supply unit, it is well to understand just what must be accom- 
plished by it. We will assume that the electric light circuit is of the ordi- 
nary type delivering a voltage of 110 volts alternating at a frequency of 
60 cycles. If other voltages or frequencies are supplied, only minor 
changes in the construction of the parts is necessary, the main system 
remains essentially the same. The voltages supplied by the unit to the 
plate circuits of the tubes in the receiver must be steady, non-pulsating, 
and always in one direction so that the plates of the tubes are always 
maintained positive with respect to the cathodes. This is necessary for 
proper tube operation. For this reason, the alternating voltages cannot 
be applied directly to the receiver, the “B” power unit must “rectify” or 
change them to direct voltages. The voltages must be non-pulsating, be- 
cause even a small fluctuation in plate voltage will cause a fluctuation in 
the plate current o( each tube. This will be amplified by the receiver and 
become large enough to produce an objectionable low-pitched hum from 
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the loud speaker. Therefore the “B” power unit must also smooth out all 
ripples in the voltage. Since these modern receivers employ at least two 
types of tubes, (general purpose amplifier tubes and power amplifier tubes) 
which require different values of plate voltage, it must be capable of de- 
livering the various plate voltage values required. Since these voltages are 
generally higher than the 110 volts supplied by the electric light line (see 
Fig. 214), the “B” power unit must also be capable of stepping up the line 
voltage to the required value, depending on the particular types of tubes 
employed in the receiver. Also it must be capable of supplying the total 
plate current required by the various tubes, without undue heating or volt- 
age drop. 

499. “B” power unit system: A study of these requirements shows 

that a “B” power supply system must do several things. It must step up the 
110 volt a-c line voltage to the higher “plate” voltages necessary for the 
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FIk 368 — The mam parts of a "B" power supply unit are .shown here m the orfl»*r in which 
they o< c ur The changes whi<’h the current and voltage undergo and the various 
forrriK in which they are present in thes.* parts, ar»* shown by the graphs below 


proper operation of the various tubes used in the receiver, it mu.st rectify 
the a-c to d-c, it must smooth out the resulting pulsating d-c, and it must 
provide .some means for obtaining several intermediate voltages for the 
different types of tubes. These functions are performed by the four main 
parts of the unit, which are as follows : 

(1) Power transformer'. Steps up 110 volts of the line to higher 
voltage. 

(2) Rectifier: Changes the a-c from the line to pulsating d-c. 

(3) Filter: Changes the pulsating d-c output of the rectifier, to 
smooth d-c. 

(4) Voltage divider: Enables various voltages to be obtained for 
the plate circuits of the various tubes in the receiver 

These main parts are shown in the block diagram of Fig. 368, in their 
proper sequence from left to right. The form of voltage or current which 
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exists in each part is shown graphically in the lower part of the diagram 
We will now study the operation of each part in order, starting with the 
voltage step-up in the power transformer. 

500. The power transformer: The power transformer contains a 
primary winding and several secondary windings— all on a laminated steel 
core. One secondary winding contains more turns than the primary. 
Its purpose is to deliver the high voltage which is to be rectified and used 
for the plate circuits of the tubes. Another low voltage winding of a few 
turns supplies heating current for the filament of the rectifier tube which 
will be described. These are the only windings employed for the “B” power 
pack, but since low-voltage alternating current is also needed for the 
heating of the filaments of the detector and amplifier tubes in the re- 
ceiver, this is conveniently obtained by placing one or more additional 
low voltage windings on the core of the power transformer to supply this 
current. In this way a single transformer is used to furnish all filament 
and plate voltage for the filament current supply and another one for plate 
voltage supply. This reduces the cost and makes the receiver more com- 
pact and light. A typical power transformer of this type is shown at the 
left of Fig. 72. The various windings on the center leg of the core are 
plainly visible. Typical connections of the various windings may be 
seen in the circuit diagram of Figs. 282 and 283. The power transformer 
should designed with ample copper and iron so that the secondary volt- 
ages remain practically constant even though the electric light line voltage 
varies slightly at different times. It should also be of ample size to sup- 
ply the required power without undue heating. 

501. The rectifier: The next important part of the system is the 
- rectifier tube which changes the high voltage a-c delivered by one second- 
ary winding of the transformer, to pulsating d-c. When an alternating 
voltage is applied to it, it allows the current to fiow in one direction only, 
by offering a very high resistance to the flow of current in the opposite 
direction. Rectifiers arc divided into two types, half-wave and full-wave. 
In half -ware rectification, only one part of the current wave is utilized, 
the flow of current being stopped during each half cycle. In full-icave rec- 
tification the circuit is so arranged that both halves of the waves are 
utilized. Two half-wave tubes can be connected to form a full-wave recti- 
fier.” While there are several types of rectifying devices such as the elec- 
trolytic rectifier, the dry plate rectifier, etc., available for the purpose, 
vacuum tubes are used almost exclusively in B power supply units, on 
account of their long life, low cost, and general suitability for the purpose. 
There are two general types of vacuum tube rectifiers. These are, the 
cold cathode type and the hot cathode type. The former is the gaseous 
t3T)e of rectifier, which was very populai at one time, and was marketed 
under the name of “Raytheon Tube”. This employed helium gas. Since 
these tubes are no longer manufactured in quantity, or used generally, we 
need not consider them. The hot cathode form of rectifier tube in- 
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eludes the common vacuum type rectifier tube used widely and the mer- 
cury-vapor rectifier which presents several advantages over the other 
types and is used in the high-voltage rectifier systems of public-address 
equipment, radio transmitters, and also in some broadcast receivers. The 
different types of rectifiers may be employed according to the requirements 
of the equipment with which they are to be connected. 

502. The half-wave rectifier: Mention was made in a previous 

chapter of the early form of vacuum tube containing only an electron-emit- 
ting filament and a plate. This two-electrode form of tube forms the basis 
of half-wave rectifier tubes. The ’81 type of tube of this form consists of a 
double V-shaped filament and a single surrounding metallic plate sealed 




Piff 369 — (A) How the double-hairpin shaped filament and slnffle plate are arranged in the '81 
type half-wave rectifier tube 

(D) How the two ainffie hairpin filaments and two plate.s are arranged in the '80 
type full-wave rectifier tube The two filament.^ are fv»nnecled in senes inside of 
the tube 

into a bulb from which the air has been thoroughly pumped out. The fila- 
ment is of the oxide-coated thick-ribbon type designed to emit a liberal 
supply of electrons. The arrangement of the elements is shown at (A) 
of Fig. .369. The two ends of the filament connect to the usual two thick 
“filament” prongs in the 4-prong base, and the plate connects to the usual 
“plate” prong. The fourth prong is a dummy — having no connections — 
and is placed on the tube merely to help hold it firmly against the socket 
contacts. 

The connections of the tube to the power transformer are shown in Fi^j. 370. The 
filament is heated by low voltaj^e volts) alternatmjr current from the secondary 

winding? “Z”, «?o it emits electrons freely. The hijfh plate voltajfe (about 700 volts ef- 
fective value for an '81 type tube) is supplied by the windine “S". As the trans- 
former operates on a-c, the polarity of the terminals of the winainjf S reverses during 
each half cycle. The diagram at (A) shows the conditions when the top terminal of 
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winding S is positive and the bottom terminal is negative. This makes the plate of 
the rectifier positive, and it attracts the electrons emitted by the filament. The plate 
current then flows from plate to fllarrient, through half of winding Z to the center-tap 
C (or to one end of the windiflg), and out to the rest of the power unit and the plate 
circuits of the tubes being operated, back through the minus terminal of the power 
unit to the lower terminal of S, making a complete circuit. The direction of the current 
is shown by the arrows. 

On the next half cycle as shown at (B), the polarity of S reverses, the top term- 
inal now being negative. As this is connected to the plate it makes the plate nega- 
tive, thus repelling and stopping the flow of electrons, and no current flows through 
the rectifier. This half of the wave is thus eliminated. Therefore the current flows 
in the external circuit in one direction only, one spurt of current getting through the 
tube during the half of each cycle when the plate is positive. At (C) the half-wave 
rectifier effect is shown. At the left is the form of the a-c voltage applied to the 
primary of the power transformer and also that delivered by the secondary winding 
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Fig 370 — yy The operation of the half- 
wave recimer Current flows from the 
plate to the filament only during each half 
of the a-c cycle when the plate becomes 
posithe with respect to the filament. 


NO Plate 

CURRENT 



(By The plate Is now negative. It repels the emitted electrons, and therefore no plate 
current flows 

(C) The a-c line current and the half-wave rectified current. 


to the tube. At the right is the pulsating d-c rectified voltage and current appearing 
in the output circuit oi the rectifier tube. 

Notice that if a 60 cycle voltage is applied to a half-wave rectifier, since current 
flows through the rectifier once for each cycle, the output voltage is unidirectional 
and has 60 pulsations per second. 

Notice that this current stops flowing entirely during half of each 
cycle. This makes it rather difficult to completely filter and smooth the 
current output of a half-wave rectifier, since the filter must actually store 
enough current during the peaks of each current flow to be able to keep 
current flowing in the external circuit during the entire intervals when 
no current flows through the rectifier. Actually it must store even more 
than this to completely smooth out the ripples. 

For this reason, half-wave rectifiers are not employed extensively in 
My applications for which a suitable full-wave rectifier tube is available, 
because the cost of the filter system necessary to completely smooth out 
the output current of a half-wave rectifier is much greater than that of a 
filter system designed to smooth out the less pulsating output of a full- 
wave rectifier tube. Half-wave rectifiers of the '81 type may be built Sat- 
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isfactorily to handle higher voltages than those handled by the ’80 full- 
wave type, so they are particularly useful for supplying the high plate volt- 
ages required for the large power tubes of the ’50 type, etc., used in public 
address systems, etc. It is entirely practical and common however, to con- 
nect two half-wave rectifier tubes in a suitable circuit to obtain full-wave 
rectification as we shall now see. In this way ail of the advantages of 
full wave rectification are retained together with the high-voltage handling 
capabilities of the half-wave rectifier tube. 

503. Full-wave rectification with half-wave rectifier tubes: If 

two half-wave rectifier tubes are connected as shown at (A) of Fig. 371, 
full-wave rectification is obtained. 

The filaments of the two tubes are connected in series across the low voltage 
heater winding Z, of the power transformer The high voltage secondary winding 
S, has its end terminals T and W connected to the plates of the rectifiers as shown. 



Fiff 371 — How two haIf-\Kave rertifler may be connected to obtain full-wave rertiflca- 

lion Each tube allows current to flow through it from plate to fllarnenl during 
alternate half cycles The full-wave rectifWd current .shown at (C) results This 
sysfori, IS used extensively in high voltage power supply units for sound amplifier 
and public address systems 


It also has a center tap V on the winding?, which connects to the filter circuit and 
load, represented simply by the resistance symbol. This circuit returns to the center 
on the filament heater winding? Z. Since an a-c voltaj^e is fi:enerated in winding; 
S, the potential of its end terminals alternates durinj^ each half cycle. At one instant 
the bottom terminal T, will be positive w'ith respect to the top terminal W, as shown. 
The potential of the center tap V is midway between these two, i.e., it is nejjative with 
respect to T and positive with respect to W. Therefore since this center tap returns 
eventually to the filament circuit of the rectifier tubes, at the instant pictured in the 
diag^ram, terminal T and the plate of tube No. 1 are positive with respect to the 
filament of this tube, so the electron.s are attracted to the plate and a plate current 
flows from the plate to the filament, down to point X, and out through the filter 
system and load m the direction of the a^row^, cominu: back to point V and thus 
completinjf the circuit. During this time, terminal W and plate of tube No. 2 are 
negative with respect to the center tap V and the* filament, so no current flows 
throuf^h thi*? tube. On the followmjf half cycle, the polarity of the terminals of wind- 
ing: S reverses, and becomes as shown at (B). Terminal W and the plate of tube No. 
2 are now pojjitive with respect to the center tap V and the filament of the tu^. 
Therefore, the plate attracts the electron.*? from the filament, and a cunent flows from 
the plate to point X and around through the circuit in the direction shown by the 
arrows. Tube No 1 is now inactive since its plate is negative with respect to the 


THE POWER SUPPLY UNIT 


745 


ftlament. During: the following: half cycle it becomes active again and the current 
flows through it, tube No. 2 becoming inactive. The effect then, is for each tube to 
become operative during one half of each cycle, passing current through from plate 
to the filament, and around through the external circuit. First one tube operates and 
then the next. Notice that the current flows through the external load circuit in the 
same direction no matter which tube is operating, so that the output current is a 
direct current, pulsating as shown at the right of (C). 

It is evident that the full-wave rectified current at (C) flows through 
the external circuit during each half cycle. Comparing this with the 
half-wave rectified current at (C) of Fig. 370, it is evident that it is much 
easier to smooth out than the latter, since the filter need only return 
current back to the line during the short periods when the full-wave recti- 
fied current drops to zero value, during each half cycle. Consequently, the 
filter apparatus is much simpler and cheaper as we shall see later. This 
is the important advantage of full-wave rectification. 





P'lR 372--Hnw the full-wave recufier 
lube operates The rirruit »s 

arranged sf) one plate or the 
other IS positive during each 
half cycle and is therefore allowing < 
which becomes the poaiti\e side of 



ALTERNATING CURRENT RECTIFIED CURRENT 


urrenl to flow' through to the fllament circu.t, 
th3 output circuit 


504. The full-wave rectifier tube: A single tube which performs 
the function of full-w'ave rectification which was accomplished by the two 
half-wave rectifier tubes in Fig. 371, is known as a full-wave rectifier 
tube. The vacuum type full-wave rectifier tube, consists of two separate 
plates. Each plate encloses a V-shaped oxide-coated, thick ribbon filament 
as shown at (B) of Fig. 369. The two filaments are connected in series 
inside the tube, and in the typical *80 type full-wave rectifier used exten- 
sively in electric radio receivers, the entire filament is designed to be 
heated by a 5 volt .source of voltage (see Fig. 214). Since there are two 
filament terminals and two : ^'parate plate terminals, a 4-prong base is em- 
ployed with the terminal arrangements as shown. The connections of a 
tube of this type to the power transformer are shown in Fig. 372. The 
filament is heated by alternating current at 5 volts supplied by the 
heater winding Z. Each plate is connected to a terminal bf the high 
voltage winding S.' The center-tap on this winding connects to the 
filter and load circuit as shown, the circuit returning to a point in the fila 
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ment circuit. This point may be either a center-tap on the filament 
winding: as shown, or it may be one end of the winding, no appreciable 
difference resulting from either connection. The latter is the cheapest 
arrangement since it eliminates the cost of making the center-tap. 

The action of this circuit is exactly similar to that described in Article 
603 for the two half-wave rectifier tubes, excepting that the two plates 
and two filaments are placed together in one tube instead of two separate 
tubes. This will be now reviewed briefly, referring to the typical full- 
wave rectifier circuit shown in Fig. 372. 

On the positive half of the a-c cycle, the upper terminal of winding: S is positive 
thus making the right-hand plate positive. The lower terminal of S and the left-hand 
plate are negative. The center tap on S is at a potential half way l^tween these two; 
it is negative with respect to the upper terminal and positive with respect to the 
lower terminal. Since the right-hand plate is positive with respect to the center-tap 
and the filament, it attracts the electrons emitted by the filament. Therefore, a cur- 
rent flows from it to the filament, through half of the filament winding as shown, and 
out of the center tap to the positive output terminal, through the external filter 
and load circuit, and back to the negative terminal to the center tap of S. The left- 
hand plate, being negative, takes no part in the action. Notice that only the upper 
half of winding S was effective during this period and, therefore, the effective voltage 
acting on the rectifier tube is half of the total voltage of winding S. 

On the next half cycle, the polarity of S reverses and the left-hand plate becomes 
positive as shown at (B). A current flows from this plate to the filament and around 
through the circuit as shown. The right-hand plate, being negative, takes no part in 
the action. Notice that the direction of the current in the external circuit is exactly 
the same as at (A), so the eliminator delivers a direct current. The wave-form of the 
applied a-c voltage and that of the rectified output are shown at (C). r'Tjtice that 
both halves of each a-c cycle have been utilized, and the rectified current is much 
smoother than that produced by a half-wave rectifier and therefore much easier to 
filter and smooth out completely. 

505. Mercury vapor rectifier tube: The development of the hot- 
cathode type mercury vapor tube rectifier, has been brought about by the 
demand for a rectifier having a low plate-filament resistance and therefore 
a low internal voltage drop and high efficiency. The '66 type rectifier 
(see Fig. 214) is typical of this type of tube. The half-wave type has an 
oxide-coated filament in inverted “V" form. The plate is suspended hori- 
zontally above it and has a disk shape. It connects to a small cap on top 
of the bulb for external connection. Mercury is introduced into the tube 
during the time of manufacture. When the filament is heated, a cloud of 
mercury vapor or free gas atoms of mercury are formed from this. Elec- 
trons are also liberated from the heated filament in the usual manner, 
which, under the influence of a plate potential, collide with the mercury 
vapor atoms in the space between the filament and plate, to produce ioniza- 
tion of the mercury. This ionization liberates a large number of free elec- 
trons from the mercury atom.s, in the space between the plate and fila- 
ment. Since these are immediately attracted by the plate, this increases 
the current flowing between the plate and filament. Consequently, this 
type of tube can be built to handle much more current than the ordinary 
vacuum types. The ionization produced in the tube, produces a character- 
istic blue glow in it during operation. Due to the presence of the mer- 
cury vapor, the resistance of the plate-filament path is low, and is 
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constant over a wide range of load current. This is a true mercury vapor 
drop, and is generally about 17 volts. Consequently, the loss of energy 
in the tube itself is very low and the heating of the plate is low. This type of 
tube is made in several ratings and is capable of handling high voltages 
and rather large currents, with very little voltage drop and high efficiency. 
Rectifier tubes are rated on the basis of the peak inverse plate potential 
and the peak plate current values which they can stand. The maximum 
peak inverse plate potential rating of a rectifier tube is the highest poten- 
tial the tube will stand in a direction opposite to that in which it is de- 
signed to pass current, without danger of internal arcing and short-circuit 
between the elements. The maximum peak plate current of any vacuum 
tube is the highest peak current that it can stand in the direction in which 
it is designed to pass current. 

In the full-wave type of mercury vapor rectifier tube, two plates and 
two filaments are used, exactly the same as in the common type ’80 vac- 
uum tube rectifier. An idea of the increase in current capacity which is 
obtained by employing the mercury vapor principle may be gained from 
the fact that while an ’80 vacuum type full-wave rectifier is rated at 400 
volts r. m. s. a-c voltage per plate and 120 milliamperes maximum output, 
a mercury vapor type rectifier of similar construction and size is rated 
at 500 volts and 300 milliamperes! 

50^. The filter system: Now that we have seen how the a-c 
line voltage may be stepped up to any required value by the power 
transformer, and how the a-c current may be rectified, by either a half- 
wave or full-wave rectifier of either the vacuum or the mercury vapor 
type, let us study the operation of the typical filter circuit which smoothes 
out the pulsating direct current delivered by the rectifier. Examination 
of (C) of Fig. 372 shows that the output current from the rectifier is a 
pulsating direct current which increases from zero to maximum value at 
A. decreases again to zero at B, increases to maximum at C, decreases to 
zero at D, etc. Any device, which, when connected in the output circuit 
will store current during the peak-current instants A, C and E, etc., and 
deliver it back to the circuit during the instants B, D, etc., when the cur- 
rent delivered by the rectifier is low, will serve to smooth out, (or filter) 
the current. Such a device used in a “B” power unit is commonly called 
the filter. Since a condenser has the property of storing electrons or cur- 
rent when a potential difference is applied to its plates, and releases them 
w'hen the applied potential difference of the circuit becomes less than the 
potential of the plates, it is natural that condensers should be used for per- 
forming this function of sn.oothing the current flow. They are assisted 
in’ their action by iron-core choke or inductance coils (see (C) of Fig. 75) 
connected properly in the Alter circuit. These chokes are wound with a 
great many turns of wire on steel cores, thus possessing high inductance. 
They therefore havq the characteristic property of an inductance, i.e., they 
oppose any change in the current flow through them, whether this change 
be an increase or a decrease in current (Lenz’s I^aw) . 
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A typical full-wave “B” power supply unit circuit with its brute-force 
type niter, is shown in Fig. 373. While several variations of thi.s circuit 
are possible, it will serve our purposes best for study of the fundamental 
niter actions, since when its action is understood, the operation of any niter 
circuits will become clear, because they vary only in minor details. The 
action is as follows : 

The alternating current power transformer steps the 110 volt a-c line 
▼oltage up to the high voltage shown at A, which is applied to the plates of the 
tube. Also, as soon as current is supplied to the primary of the power transformer, 
the twin filaments in the full-wave rectifier tube heat up. Plate current starts to flow 
first from one plate to the filament and then from the other, so that the center-tap 
of the filament-heating winding is always positive with respect to the center-tap of the 
high-voltage winding. Since the potential difference is being applied across the con- 
denser B, it charges up. Let us start at the instant when the output current and 
voltage of the rectifier are beginning to increase from zero to maximum (B to C at 
(C) of Fig. 372). On account of its high inductance (30 henries or so), choke coil 
F opposes the flow of this increasing current out to the external circuit, and so 
helps condenser B which is across the circuit, to store a charge of current or electrons 
into its plates, becoming charged to a potential equal to the peak value. Now the 
current from the rectifier begins to decrease, (C to D at (C) of Fig. 372). The choke 
F, by its self- induction action, tends to prevent the current from decreasing (see 
Article 115), and at the same time, condenser B now being charged to a higher poten- 
tial difference than that existing across the line, discharges its excess current or 
electrons. It cannot discharge through the path back through the tube from filament 
to plate, because current cannot flow in a vacuum tube from fllament to plate. It does 
however, discharge out through choke F and into the external circuit, and so main- 
tains the flow of current through the external circuit even though the rectifier is not 
supplying much during this time. The result is, that while the curiy,-t flowing 
through the rectifier drops to zero during each half cycle as shown at B of Fig. 373, 
the combined action of the filter condenser and choke keep the current flowing in the 
external circuit during these instants, as shown by the solid-line curve at C. 

The first condenser B can be considered as a voltage regulator insofar 
as it absorbs each current pulsation in taking a charge from the rectifier 
output, and feeds the current back to the line when the voltage drops. 
The charge is absorbed at the peak, thus helping to fill in the valley be- 
tween the peaks. The first choke coil F opposes the rapid building up of 
the current as it rises to a peak, by the building up of a counter-electro- 
motive force. As the current reaches its highest value, and begins to 
decrease, the energy which has been stored in the magnetic field of the 
coil by the increasing current is now fed back into the circuit. If the 
current is not smoothed sufficiently by the first choke and condenser of 
the filter, a second section C-G may be included. In this, the same opera- 
tion is carried on a second time, but the current on which it operates has 
had its pulsations smoothed out to a great extent before entering it, and 
is very much more smooth when it leaves it. The current that passes out 
of the second choke is usually a very smooth direct current, as shown at 
D, and the output voltage is sufficiently smooth and steady to be used for 
the plate circuit supply of a radio receiver. 

The third condenser D normally float.s across the line in a charged condition, since 
the voltage across it is practically non-pulsating. However, if a powerful signal or a 
loud low-frequency note is suddenly received and amplified by the radio receiver, the 
plate current flowing in the plate circuits of the tubes in the receiver will suddenly 
increase. Thu.s increa.se in the plate current flowing through the circuit of the 
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power supply unit causes the individual I X R “voltage-drops'' in the power transformer 
windings, rectifier tube, choke-coils, etc., to increase. This would result in a momentary 
drop in the output voltage of the “B" power supply unit if it were not for the fact 
that the last condenser D, having been charged to the higher normal voltage, now 
discharges some of its current back into the line and thus meets the demand for the 
momentarily increased plate current drain. In this way, this last condenser acts as a 
reserve current storage device, and keeps the output voltage steady. In some cases, 
it mu'^t bo of large capacity (3 to 10 mfd.), if good low-note reproduction is to be 
obtained. Thus, condenser B controls voltage regulation, C controls hum elimination, 
and D controls current storage for good quality of low-frequency note reproduction. 

It is not always necessary to use two choke coils in the filter system. 



In many commercial receivers, the second choke G and condenser D are 
omitted, the single choke with its two condensers being sufficient to 
smooth out the current and voltage to the value required for hum-free 
operatiori. Also, in many commercial receivers the field coil of the electro- 
dynamic loud speaker used in the receiver is used as a choke coil in the 
filter system, as shown at the left of Fig. 314, since it possesses a high in- 
ductiince. In many cases, especially in midget type receivers, where cost 
and space are important, the speaker field is the only choke employed. 
The B current flowing through it serves a useful purpose in energizing the 
field of the speaker. (Oth('r field connections for the electro-dynamic 
speakers are shown in Fig. *’74). Also, it is not necessary to connect the 
choke in the positive side of the line as shown in Fig. 373. So far as the 
filter action is concerned, it may be connected equally as well in the nega- 
tive side. Manv receivers have the choke c<»nnected this w^ay, employing 
the voltage drop in the choke or a part of the choke winding, as a source 
of C-bias voltage for tubes in the receiver. The receiver circuit of Fig. 
282 shows the connection of the field coil (L-ll) of the speaker in the 
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negative side of the circuit, as the only choke in the B power supply unit. 

Any degree of filtering action may be obtained by using filter conden- 
sers of larger capacity and using chokes of larger inductance. However, as 
the larger chokes and condensers are more expensive, receiver manufac- 
turers use the smallest chokes and the least amount of condenser capacity, 
that will give satisfactory filter action and even resort to special filter cir- 
cuit arrangements which improve the filter action so that cheaper chokes 
and condensers may be used. Although tinfoil-paper type filter conden- 
sers are used in filter circuits, (see Articles 138 to 144) the use of dry 
electrolytic condensers is more widespread on account of their lower cost 
per mfd., and their more compact form (see Articles 144 to 150). The 
forms of condensers shown in Fig. 96 are very desirable for this purpose. 

507. Filter system arrangements: Several filter system ar- 
rangements are used in radio receivers. While the filtering or smoothing 
action of each is the same, the circuits are arranged somewhat differently 
in an effort to cheapen the chokes and condensers required. In some sys- 
tems, the circuit is arranged so as to provide also, the correct C bias volt- 
age for the tubes in the last audio stage of the receiver. 

At (A) of Fig. 374, a simple filter in which two chokes or inductances 
Li and L 2 , and three filter condensers are employed is shown. In most 
cases, the field coil of the electro-dynamic loud speaker used with the re- 
ceiver acts as the second choke Lj. (see Article 460). In this vray, it ob- 
tains its proper energizing current, and at the same time, serves a useful 
purpose as a choke in the filter. W’hen a 2-choke system of this kind 
is used, the plate voltage for the tubes in the last audio stage of the re- 
ceiver is taken off by tapping the circuit ahead of the last choke, as shown. 

This is done to supply a higher voltage to these tubes, since the voltage drop . 
through the last choke is not included. Also, it reduces the direct current flow 
through the second choke, and thereby lessens the steady field in it. This means that 
since the tendency of the core to saturate is rtduced, the choke may be made smaller 
and cheaper for a given inductance value Al.so, any plate circuit coupling which 
might exist between the last audio stage and other tube.s in the receiver, due to the 
common heavy plate current flowing through the impedance of the chokes, is reduced, 
■ince the second choke is eliminated from the circuit of the last audio tubes by this 
method. It is true that the plate voltage and current supplied to the last audio tube 
will not be filtered as well. This is not objectionable, since .some plate current ripple 
can be tolerated here because there are no following lubes to amplify any slight 
hum voltage which may be .set up across the plate load. In general, the plate current 
supplied to the power output tube in the leceiver requires very little filtering, the 
first a-f and r-f amplifier tubes require more, and the detector tube requires most. 

At (B) a filter, arrangement in which but a single choke coil and 
two filter condensers are used, is shown. Usually the electro-dynamic 
speaker field of the receiver is used as the choke coil. Notice that the first 
filter condenser is of larger capacitance than the usual first filter condenser 
used in the 2-choke system. This is necessary in order to secure adequate 
filtering action. This system is used most in midget-type receivers, 
since it reduces the cost of the filter, and considerable space is saved in the 
chassis since no choke other than the speaker field winding is needed. Dry- 
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electrolytic type Alter condensers (see Fig. 96) are usually employed on 
account of their low cost per mf., and small physical dimensions. 

At (C) a tuned choke Alter system is shown. The choke L contains 
two windings wound or connected so their magnetic Aelds oppose each 
other. The inductance L and the condenser C 2 , form a resonant circuit 
of low impedance, which effectively eliminates the ripples in the current, 
provided the circuit is so designed that resonance is produced at the fre- 
quency at which the ripples occur. The advantage of this circuit is that 
a small low-cost choke and fairly low values of capacitance gives good 
Altering action. 

At (D), the Miessner tapped-choke system is shown. Here, the rec- 
tiAer is connected to the Alter choke by a tap at some point near one end. 



IK 374 Various nrr.'iUKt'nients of chokes and Alter condensers used in the filter syatema 
power Mjpply units in a-c electric receivers 

the filter condensers being connected to the ends of the choke winding. 
This arrangement reduces the ripple in the current by a factor of five to 
ten over that obtained with the same choke and condensers connected in 
the usual manner of (A). Or, conversely, it will provide just as good 
filtering with considerably smaller values of inductance and capacitance. 

The increased filter action is due to a neutralizing: effect between the induced a-c 
components of the two portion.s of the choke. That is, a rather strong induced a-c 
component flows through the portion marked L,, the coupling of which to Lj neutral- 
izes to a large degree the induced a-c voltage component therein, so that the output 
pulsations are reduced. A tap located at about 20 per cent from the end (considering 
the number of turns) is quite effective. 

The fact that this system is patented, and is available to receiver 
manufacturers only on a royalty basis, has perhaps prevented it from 
being used more extensively, since material savings in the cost of the choke 
and condensers are obtained by its use. The tapped choke m^y either be 
used alone, or another choke (usually the speaker Aeld) may be used with 
it as shown at (D) . 
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At (E), a common tilter circuit with a 3-section electrolytic filter con- 
denser is shown. The common nei?ative terminal of the condenser con- 
nects to the negative side of the circuit. Filter condensers of the general 
type shown at the center of Fig. 96 may be used for this purpose. 

At (F'j, a filter system used in many R. C. A. Victor receivers, is 
shown. In this the speaker field is used as the choke. Across this are the 
two resistors Ri and Rq. properly proportioned so that a negative ('-bias 
voltage of the proper value is obtained by the voltage drop through them. 
The operation of tiiis interesting arrangement is as follows: 

The speaker field acting a filter choke, is connected in the B- line as shown. 
The plalc-reluin circuit^ in the leceivei ait* unounded to the nu-tal cha^si*; which acts 
as the Common B-termmal The total plate current for the entire receiver returns 
from the ^xrounded chas'^is to point P. \\heie it divule^ in the parallel circuit consisting 
of the speaker field and resistors R, and R , a^ shown b> the arrows The current 
flowing through eacli path will be inversei\ proportional to its resistance Since cur- 
rent flows from P to S to T, point S is at a lowt'i potential than point P (the grounded 
chassis) by an amount e(]ual to the \oltage diop in icsisior Rj. Since the grid return 
lead of the last audio stage connects to point S. this is thereby maintained at. a definite 
negative potential or grid bias with respect to point P (which connects to tl\e cathode 
of the lube or tubes in the last audio stage i . In this way, by properly propi*rtioning 
Rj, R^. and the resistance of the speaker field, the C*bias voltage for the last audio 
stage IS obtained. Resistors Rj and R^ may be separate individual units or may simply 
consist of a single resistor tapped at the proper point 

508. TTie chokes and filter condensers: The choke coiLs used in 
power supply unit.s mu.st have the necessary self-inductance to provide 
proper filtering in combination with the filter condenser capacFties used. 
The core should be designed with a proper air-gap, to reduce the tendency 
to saturate due to the steady value of the d-c current flowing through thf 
winding. The use of electro-dynamic spt*aker fields as choke coils in the 
filter system is very common. The uire used on the choke should be of 
sufficient size to .safely carry the current continuously without overheating. , 
When the current rating of a choke is excefnled, its inductance decreases 
rapidly (see Art. 123), and the filtering action is greatly reduced, with con- 
sequent increase of hum. The filter condensers may be cither of the tinfoil- 
paper type, (see I"igs. 90 to 93). or the electrolytic type. The latter pre- 
sents the advantages of cheapness, small physical dimensions, and self- 
healing properties of the dielectric. A single 8 mf. electrolytic condenser 
and 30 henry choke coil from a B power unit filter system are shown in 
Fig. 124. These really form a low-pass filter section. An idea of the 
comparative size of an 8 mf. dry electrolytic condenser and a tinfoil-paper 
condenser of similar capacitance and voltage rating may be obtained from 
Fig. 94. 

The filter condensers mu^t b^* built to with-.tan^l the j)(nk voltages encountered. 
The condenser nearest the rectifier is -ubjrcted the highest peak voltage As the 
voltages at the input of the rectifier and immediately following it are altrrnaf nig and 
pulsating direct current voltages, respectivel> , the value® usually specified for them are 
the ''effrcfiir vntftc$”. The “elTective voltage” is the value of voltage which gives ex- 
actly the sam<4 heating effect as an equal direct current of th(* -amc potential. Thi.s 
is the value which an a-c voltmeter indicates. The peak value of a.n alternating 
voltage IS the maximum value to which the voltage rises during any part of the 
cycle. As.suming that the output of the rectifier i.s of sine-wave form, the peak voltage 
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is 1.41 times the etfective voltape. As the insulation of the filter condenser immediately 
following the rectifier must safely stand the peak voltage twice during each cycle, the 
condenser used must have a voltage rating exceeding the peak voltage, for safety. 

(Note: The relation between “peak” voltage and effective voltage is explained in 
detail in Art. 107.) 

509. The voltage divider: If only one value of plate voltage 
were required by all of the tubes in a radio receiver, the power supply unit 
would now be complete, but since the various tubes require different plate 
voltages, provision must be made to supply them. This is the function of 
the voltage divider system. The fundamental principle involved in all 
\oltage divider systems, is that whenever current is made to flow through 
a resistance connected in the circuit, a certain amount of the e. m. f. 
applied to the circuit is used up in forcing the current (or electrons) 
through the resistance. 

The common expression applied to this condition is, that there is a 
fall of potential or voltage drop in the resistance. The voltage drop result- 
ing in any case, may be calculated by Ohm’s law (E^IxR). Keeping the 
principle in mind, it is evident that all we need to do to obtain various 
plate voltages, lower than the maximum voltage appearing at the output 
terminals of the filter in the power supply unit, is to connect resistances 
of suitable values in the plate circuits of the various tubes, so that a fall 
of potential occurs in each, due to the flow of the plate current through it. 

5lff. ^ Voltage divider systems: Three general connection ar- 
rangements are possible for the voltage divider resistors. These will now 
he studied by means of receiver circuit diagrams in which all of the parts 
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oKt hN I k nt iho plate cuirent^ of the tubes m the radio reoeuer (shown 

. h U , I tb.w thru M.ilable individual resistors m order to produce voltage drops 


not entering into the operation of the voltage divider system, have been 
omitted for simplicity. The detector and amplifier tubes in the receiver 
are shown with their essential plate circuit and grid circuit connections 
only, all tuning condensers, transformers, tube couplings, etc. •being omit- 
ted. The path of the plate current of each tube, is indicated by arrows 
on the diagrams. The filament circuits are also- omitted. 
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A simple form of voltage divider system is shown in Fig. 375 . The 
typical power transformer T, rectifier R, and single-choke filter system are 
at the left. The plate circuit of the power tube is connected directly to the 
high-voltage B-j- terminal of the filter ouput. The C-bias voltage is ob- 
tained by the voltage drop in resistor Re. The path of the plate current !• 
is from the B-f- terminal, through the plate circuit, through Re, and back 
to the B— side of the power unit, as shown. The plate current I3 for first 



Pig 376 — An improved form of voltage divider system for supply units In this, the 

detector plate ctjrrent obtains additional filtering to completely smooth it and 
reduce hum 

a-f tubes, (represented by a single tube in the diagram), flows through 
resistor R3 and down through the plate circuit, through C-bias resistor P5 
and back to B— . The plate voltage effective at these tubes, is equal to the 
maximum voltage output of the power unit minus the IXR voltage drop 
in resistor R3. Suppose the former voltage is 300 volts, the total plate 
current through R3 is 20 milliamperes, (.020 amperes), and it is desired 
to supply a plate voltage of 180 volts to these tubes. Then a voltage drop 
of 300 — 180=120 volts, must occur in the resistor R3. Its value must 
therefore be R=E/I = 120/. 020=6, 000 ohms. In this way, the value of the 
resistance required to produce any voltage drop may be calculated. By 
connecting another filter or by-pass condenser C3 as shown, the resistor Rs 
and condenser C3 act as a resi.stance-capacity filter, and some additional 
filtering of the plate current supplied to these tubes, is obtained. The 
proper plate voltage for the detector tube is obtained by connecting the 
resistor •R4 in its plate circuit, the actual plate voltage effective on the 
detector tube being equal to the output voltage of the power unit minus 
the IXR voltage drop in resistor R^. By connecting condenser C4 as 
shown, additional filtering of the detector plate current is obtained. 

Another voltage divider arrangement which possesses some advan- 
tages over this one, is shown in Fig. 376 . 

• 

As before, the piste circuit of the power tube (or ^ubes) connects directly to the 
high voltage B-t- output terminal of the filter. The plate voltage for the r-f and let 
a.f tubes is reduced by resistor R3. It obtains additional smoothing or filtering 
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from R 3 and C 3 which really form a filter section. The plate current I 4 for the de- 
tector tube flows through Rg and R 4 in series. The condensers C 3 and C 4 act as 
Alter condensers. Therefore, with this arrangement, the detector plate current is 
really filtered again by a two-section filter, (Rg, C3 and R4, C4), after leaving the 
main Alter of the power unit. Hence the plate current of the detector is filtered 
more than that of any other tube in the receiver, and is therefore smoother. This is 
desirable, since the detector tube is more sensitive to disturbing plate current ripples 
than any other tube in the receiver. These voltage divider systems can be extended 
to provide any desired plate voltages on any of the tubes in the receiver. 

In Fig. 377 (and in Fig. 373) another voltage divider arrangement 
is shown. 

Here a tapped resistor of the general type shown in Figs. 27, 28 and 378 is con- 
nected across the “B” power unit output, between points E and H. The resistor contains 
taps suitably located at points F and G. These divide it into the resistor sections R,. 
Rj and R 3 . ^ 

The current through the resistor section G-H is (not marked on the diagram). 
The current flowing from point E to F is Ij 4 .I 44 .I 3 . Since current I 3 branches 
off at F, the current in R 2 is, IJ 4 I 4 . As I 4 branches ofF at G, the current in Rj is Ij 
alone. The plate current Ig flows directly to the power tube, without entering the 
resistor. Since the entire resistor is across the output of the filter, a “bleeder"' cur- 
rent will flow steadily through it from the positive to the negative terminal. The 
condensers C 3 and C 4 assist the filtering action, in the same way as explained for the 
previous system. In order to produce the proper voltage drops in Rj, Ro and Rg, so 
that the voltages at F and G are of the desired values for the proper operation of 
the tubes, these resistance sections must be proportioned carefully. 

The .following example will illustrate how such a resistor is designed. 


Referring to Fig. 377, let I 3 be 20 milliamperes and I 4 be 5 milliamperes. Let the 
output voltage of the filter, across points E and H be 300 volts. It is desired to apply 
plate voltages of 180 and 90 volts to the amplifier and detector tubes, respectively (ne- 



glecting the voltage drop in R 5 and Rg). The “bleeder" current through the entire 
resistor must be not over 10 milliamperes (this is equal to current Ij). 

Since 10 milliamperes (.010 amperes) flows through Rj, and point G is at a poten- 
tial 90 volts higher than point H, resistor Rj is equal to, Rj=E/Iz=90/.010=i:9,000 
ohms. The difference of potential between points F and G is 180 — 90=00 volts. This 
is equal to the fall of potential through R.,. The total current through R._» is equal to 
^ 1 + 14 = 1046=15 m.a. Therefore, R.,=90/.016= 6,000 ohms. The difference of po- 
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tential between point E and F. (voltage drop in Rj), is 300— 180=120 volts. The 
total current in Rj is equal to I,4.I^4.Ij=10-|-5-(-20=36 m.a. Therefore Rj= 
120/.035=3,400 ohms. (Approximately.) 

It is evident that if exact plate voltages are to be obtained, the voltage 
divider system in any receiver must be designed especially for the parti- 
cular number and types of tubes to be operated and the voltages to be ap- 
plied. Examination of Figs. 376 and 377 shows that the voltage divider 
in the latter is really the same as in the former, with the exception of Ri. 
This resistor is called the bleeder resistor since it allows the small bleeder 
current to flow through it to the B— minus terminal and back to the rec- 
tifier circuit, steadily. 

This has one advantage in that it places a small load on the power supply unit 
almost as soon as the receiver is turned on, since the filament of the rectifier tube 
heats and begins to emit electrons almost immediately. The separate-heater amplifier 
tubes do not heat so rapidly, and they may not begin to pass plate current for several 
seconds. Placing the load on the rectifief^ immediately, prevents the high-voltage surge 
produced by the self-inductance action of the high voltage secondary of the power trans- 
former, which would otherwise act on the filter condensers. This therefore lengthens 
their life. The disadvantage of course, is that the bleeder current flows continuously 
and places an additional load on the rectifier and the filter. However, by making the re- 
sistors of high enough value it may be kept down to a fairly unobjectionable value of 
10 or 20 milliamperes. 

Although the voltage divider resistors are usually placed near the 
amplifier tubes in order to shorten the wiring in the receiver, they are prop- 
erly considered as part of the “B” power unit. The resistors arff* usually 
either of the wire-wound type or the solid compressed-carbon type. Several 
wire-wound resistors suitable for this purpose are shown in Fig. 28. At the „ 
left of Fig. 378 is a tapped wire-wound voltage divider resistor of the vit- 


Courttty Ward Lronard EUct Oo. Courtesy Asrovox H irelsss Corp 

Fig 378 — Left Tapped, wire-wound voltage divider re&isloi for ineduiMi-vnliage power aup- 
p^ly unitb 

Right 2-section tapped wire-wound voltage divider res.stor for high-voliage power 
Hupply units 

reous enameled type designed for use in power packs delivering medium 
values of voltage. Its total resistance is approximately 12,000 ohms. At 
the right is a 2-section tapped, wire-wound resistor used in high voltage 
power units for public-address systems, etc., in which ’81 type rectifier 
tubes are employed. Its total resistance is about 41,000 ohms. The re- 
sistors used should be of proper wattage rating, (I-R), to safely carry 
whatever cui*rent must flow through them, without undue temperature 
rise. They should be mounted where they will receive continuous ventil- 
ation so that the heat will be carried aw-ay as fast as it is developed. 
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511. Voltage divider with variable resistors: In experimental 
work, it is often convenient to have a power supply unit having variable 
resistors in the voltage divider. They may be arranged somewhat as 
shown at the left of Fig. 379. The 10,000 ohm fixed bleeder resistor is 
at the bottom. The voltages marked at the taps give some idea of the 
values which may be obtained from a small unit. Of course, the voltage 




Fig 379 — Left' Voltage divider system with variable resistors The \oltage at each tap may 
easily be raised or lowered 

Right' A typical powdered-graphite flaked-mica type heavy-duty variable com- 
pre.s.Mon resistor for use in the t>pe of voltage diMder shown at the left. Its re- 
.sistanit' range i.s frc)n. 40 to 10,000.000 ohms 


at eaclT L%p may be varied above or below the value marked, simply by 
varying the resistor in its circuit. A form of heavy-duty variable resistor 
jsuitable for this purpose is shown at the right. This is of the powdered- 
graphite flaked-rnica compression type. The case is of metal, with circular 
cooling-fins to increase the radiation and conduction of the heat developed 
by the passage of the current through the resistance material. 

512. Output-voltage regulation: The current delivered by a “B*' 
power supply unit must flow through the resistance of the high-voltage sec- 
ondary winding of the powder transformer, through the plate-to-filament 
resistance of the rectifier tube, through the resistances of the chokes, and 
through the voltage divider resistances. A voltage drop occurs in each of 
these resistances, proportional to the current flowing. Therefore, the out- 
put voltage will not be constant for various values of current drawn from 
the unit. Of course, no general statement can be made regarding all of these 
voltage drops since the values of the resistances of the various parts are 
different in different power units. The voltage drop in the standard tj'pes 
of rectifier tubes can be studied however, by means of the curv^es shown in 
Fig. 380. The curves show the voltages exi.sting across the input of the 
filter for various d-c load currents, w’hen certain fixed values of voltage 
are applied to the plates of the rectifier tube. The curves at the left are 
for the ’80 type full-wave rectifier tube. Those at the right.are for two 
conditions; one (solid linesK where tw^o *81 type half-w'ave tubes are con- 
nected up in a full-wave rectifier circuit as in Fig. 371 ; the other (dotted 
lines), is for a single tube in a half-wave circuit. The curves are drawn 
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both for the type of circuit in which the rectifier connects directly to the 
choke coil without any filter condenser between, and for the usual ar- 
rangement where the first filter condenser follows the rectifier. Notice, 
that in all cases, the available output voltage drops as the load is increased. 

512A. Line-voltage regulation: In all of those localities where the 
electric light circuit line-voltages vary considerably from hour to hour, 
or day to day, the output voltages of the “B” power unit may also vary. In 
such districts, the voltage is high in the mornings and afternoons when the 



Fi^. 380 — Left. Average output characteristics 
rectifier circuit 

Right Axera^e output characteristics 
full- wax e rectifier circuit 


Couritty RCA. Radiotron <7o. 
of ’80 type full-wave rectifier tube in typical 

of •'si type half- wax e rectifier tubt- in typical 


load and the line-voltage “drop” are low. Under this condition, the 
plate and filament voltages on the tubes in the receiver are high and their 
life is materially shortened. When the line voltage goes down in the 
evenings, the tubes do not receive sufficiently high voltages for proper 
operation. Several devices to reduce this difficulty have been used. 

The use of a resistor connected in series with one side of the lighting 
circuit line has been used extensively because of its simplicity and cheap- 
ness. 

Typical units of this type, are made in the form shown at the left of Fiff. 381. 
The resistance element is enclosed by the ventilated metal protectinjj ca.se The lower 
end plugs into the lighting circuit socket. The plug from the power supply unit of 
the radio receiver plugs into the top end. This automatically connects the resistance 
in series with one side of the line. Some units of this type are'made with the resistance 
easily adjustable to adapt it to the particular requirements of any particular installa- 
tion. Line-voltage regulators of this type, are only able to reduce the voltage applied 
to the receiver, down to a certain required value. They are not able to boost the volt- 
age up to this value if the line voltage should fall below normal value. 

Gas-filled ballast tube voltage regulators, and glow tubes of various 
kinds, have lalso been developed for protecting the receiver from harmful 
rises in line voltage. The ballast lamp is connected in series with the 
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primary of the power transformer, and consists of an iron filament wire 
having a high temperature coefficient of resistance, through which the 
current for the receiver flows. 


The filament is enclosed in a glass bulb which contains hydrogen gas. When the 
line voltage varies, the voltage drop across the tube varies due to its change in re- 
sistance, and the voltage effective across the primary of the power transformer re- 
mains practically constant. One objection to this form of regulation is that a voltage 
drop of 40 volts or more occurs in it, and a considerable amount of electrical power 
is wasted in it in the form of heat. Also, the primary of the power transformer must 
be wound specially for the 60 or more volts which exist across it, and on which it 
must operate. 



^ourtetty Ward Leonard Elect. Co. 


Courtesy Aero vox Wireless Oorp. 


Fig. 381— I^eft A resistance type of line voltage regulator which is plugged in between the 
receiver power-input plug and the electric light supply socket 
Right Typical electric light line "interference eliminatpr" containing two by-paas 
condenseis having their common Junction connected to ground. This connects be- 
tween the lighting circuit socket and the radio receiver plug 


the characteristic such that the voltage across it remains practically constant at 90 
volts for all current from 10 to 50 milliamperes. 

Several special forms of voltage regulators which operate by mag- 
netic action, have been perfected for keeping the voltage at the receiver 
terminals constant regardless of whether the line voltage drops or raises 
above the normal value. While this is the ideal form of voltage regulator, 
these devices have not found general application in medium priced radio 
receivers on account of their additional cost. They are used extensively 
however, in other fields of application where cost is not so important. 

513. Line disturbances: In many electric receiver installations, 
electrical disturbances originate in the electric light supply lines. These 
enter the power supply unit via the power transformer primary and are 
transferred to the secondary circuit and thus to the plate supply of the 
amplifier tubes in the receivers. The reader must have observed the 
“click” produc'ed in an electric radio receiver, when an electrio light switch 
is turned on or off in the house, and has probably heard the hum pro- 
duced when a small household motor is turned on. Interference of this kind 
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may become very serious, especially in apartment houses in cities where 
many electrical devices are being operated on the same lines. No general 
remedy for this condition can be given, since there are so many possible 
sources and types of interference. 

Sometimes two 1 mfd. condensers connected in senes with each oilier and ttcross 
the electric light circuit, are very effective. The junction of the two condense! s should 
be connected to ground. A commercial interference eliminator unit of thi-^ type, is 
shown at the right of Fig. 381. In some cabes, it ib necebsary to connect an r f choke 
coil in series with each side of the line, ahead of these condensers The chokes mint be 
wound with wire of sufficient current-carrying capacity to safely cairy the full cur- 
rent taken by the receiver. In some power supply units, an r-f choke coil of about 
85 millihenries inductance is connected in the positive lead between tlie filament cir- 
cuit of the rectifier tube and the first filter condenser to prevent any r-f disturbances 
from reaching the r-f amplier in the receiver, via the plate circuits. This may be 
small in size, and wound with wire of small curient carrying capacity, ^rnce only a 
small current flows through this circuit. 

It must be remembered, that all electrical disturbances in electric receivers may 
not be picked up through the electric light circuit In man> cases, the antenna lead-in 
wire IS acted on by the fields created by the disturbances. In such cases, it is necessary 
to shield the lead-in wire with a copper braid shielding connected to ground. Special 
shielded, or lead covered wire, is made for this puipose. The entire antenna wire 
should not be shielded of course, for then it would no longer be acted upon by the 
fields of the transmitting stations and the signals from the stations would not be de- 
ceived. To test for the source of disturbance, operate the receiver with the noise 
coming in loudly. Now, disconnect both the antenna and ground wires from the re- 
ceiver. If the interfering noises stop, it indicates that they were coming m via the 
antenna circuit. If they continue, they are originating in the pouer supply line 
Shielded lead-ins are discussed in Art. 613 and shown in (A) of Fig. 464. 

514. Complete “B** power supply unit: Now that we ha\’c jitudied 
the operation, construction and circuit arrangement of the various parts 
in an a-c receiver ''B" power supply unit, we are prepared to study a typ- 
ical complete unit of this type. In midget type receivers, the power supply 
equipment is built on the same chassis with the amplifier and detector 
portions, since the entire receiver must be built in a single unit, and as 
compact as possible. This construction may be seen from an inspection 
of the illustration of the midget receiver chassis in Fig. 286, and that in 
Fig. 298. In Fig. 298 the shield on the power unit has been removed to 
show the arrangements of the main parts. U is the power transformer 
and V is the filter choke. The condenser block is mounted underneath. 
The rectifier tube is directly in front of the filter choke. The voltage 
divider resistors are not visible in the illustration. 

In the larger receivers which are designed to be installed in console 
cabinets, the power supply unit, the loud speaker, and the last audio stage, 
are usually mounted on a chassis separate from that of the amplifier and 
detector portion. A typical powder unit and last audio .stage speaker, as- 
sembly of this type is shown in Fig. 382. This is sometimes referred to 
as a “power amplifier”. This arrangement results in several advantages. 
First, when the weight of the power supply unit is included on the re- 
ceiver chassis, there is a possibility that the receiver cabinet shelf will warp 
and that the Stresses caused by shipping will tend to strain the chassis to an 
extent which may affect the alignment of the plates in the gang tuning con- 
denser. Another advantage is that the assembly and the later testing and 
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servicing of the power supply unit are made easy. Also the vibration 
caused by the loud speaker is not communicated directly to the detector 
tubes, and therefore less tendency toward howling due to vibration of 
the tube elements results. 

The exact circuit diagrams and arrangements of the types of complete 
power supply units applied in a-c electric radio receivers, phonograph 



Courtesy R C.A Victor Co. 

Plf. 382 — A typical power supply unit, loud speaker, and last audio stage chassis assembly 
for an a-c electric receiver The various parts are enclosed in metal protecting 
cases, and are mounted on a rigid steel base 

amplifiers and public-address systems, will be studied in the later chapters 
dealing with these devices. 

515. power supply unit for d-c lines: While the voltage 

appearing across direct current electric light circuits is always in one 
direction, it is not an absolutely steady, smooth voltage. The reason for 
this becomes apparent if we refer back to Article 106, and Fig. 68. 

It will be remembered, that each d.c. generator used in the power house for gen- 
erating the direct current voltage, is constructed with a commutator lor rectifying the 
a.c. voltages which are actually generated in the coils of the armature. The resulting 
voltage is really a rectified a.c. voltage and contains slight ripples or pulsatiofis as 
shown at (C) of Fig. 68. This condition is similar to that existing in the output cir- 
cuit of the rectifier tube in the power supply units designed to operate from a.c. lines, 
only the pulsations are not quite so prominent. If a voltage of this kind is applied 
to the plates of the amplifier and detector lubes in a radio receiver, every slight change 
in value of the voltage will cause a corresponding change in the plate current and this 
being amplified by each tube appears as quite a large ripple in the output current or 
voltage. The diaphragm of the loud speaker will vibrate in accordance .with this ripple 
in the plate current, and an objectionable low-freouency hum results. 

Ooviously, in order to make this line voltage suitable for B-supply, the 
pulsations or “ripples” must be removed. This can be accomplished satis- 
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factorily by means of a filter system similar to that used in the “B” power 
supply units already described for a-c circuits, excepting that since the 
voltage ripples in d-c lighting circuits are not as pronounced as those 
which appear in the output circuit of a vacuum tube rectifier, a compari- 
tively small amount of filtering is required. Usually a single 30-henry 
choke connected in series with the line, together with two 2-mfd. filter 
condensers across the line (one on either side of the choke), are sufficient. 
In some lines, such as those fed by small d-c electric light systems in rural 
communities, where the armature on the generator does not contain a great 
many coils of wire, the ripple in the voltage may be pronounced. In this 
case two choke coils and larger condensers may be required. These may be 


I MFD 


50 HEN. 

Fig. 383 — Left circuit diagram of a 

B-power supply unit for operation 
from the 110 v d-c electric light 
circuit In most cases, only one 
of the choke.s i.s required, and 
2-mf conden.scr.s may be used 

Kight A unit built from the diagram shown at the left This is constructed In 
"bread board" style for laboraiorv use 

connected as shown at the left of Fig. 383. The output-voltage divider 
system is of simple form, consisting either of a tapped fixed resistor across 
the output circuit, or variable resistors as. shown. Proper by-pass con- 
densers are shunted across the taps as shown, to prevent interstage coup- 
ling due to the common plate circuit impedance in the eliminator. They 
assist the filtering action of course. If these by-pass condensers are al- 
ready incorporated in the receiver, they may be eliminated from the power 
pack. An actual laboratory form of B-power supply unit of this type for 
d-c circuits is shown at the right. Notice the simplicity of the unit, as 
compared with the a-c type in which the power transformer, rectifier, 
etc., are required. The double choke is at the rear, in front of this are the 
two filter condensers, and at the right are the variable resistors. 

One di.%dvantage of operation from d-c lighting circuits, is that the 
voltage cannot be stepped up by any simple device such as a transformer, 
etc., because transformers will not operate on direct circuits. Therefore 
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the maximum voltage available from the B-power supply unit does not 
exceed that of the electric light circuit. Actually it is a few volts less, due 
to the I X R voltage-drop in the resistance of the filter chokes. The cir- 
cuit arrangement of a complete receiver designed for operation from the 
d-c electric light line, will be studied in the next chapter. 

516. Measuring the output voltages: When measuring the out- 
put voltages delivered by a “B** power supply unit, a high-resistance type 
voltmeter having a resistance of at least 1000 ohms-per-volt (see Art. 
205) should always be employed instead of using an ordinary type of volt- 
meter. The full-scale range should be adequate for the voltages delivered 
by the unit. 

The ordinary type of voltmeter has a resistance such that the meter draws quite 
some current from the circuit being measured, for its operation. This amount of cur- 
rent is required to operate the meter. When measuring the voltage of an ordinary 
low-resistance circuit, this is not objectionable, but when measuring the voltage across 
a circuit having apparatus of fairly high resistance connected in it, this current drawn 
by the meter must flow through the resistance of this apparatus, thus causing a *Volt- 
age-drop” in each piece of apparatus. Consequently as soon as the meter is connected 
across the circuit, it causes the voltage existing across the circuit to drop. The volt- 
age feading indicated on the meter is therefore lower than that actually existing across 
the circuit when the meter not connected, so that the true voltage reading is not ob- 
tained. 

The moving-coil elenr>ent of the high resistance type voltmeter is built so sensitive 
that it requires only 1 milliampere of current through it to make the needle deflect 
over full scale (in a 1000 ohms-per-volt meter). Therefore since it draws but a small 
current from the source, it does not cause the voltage to drop appreciably. Conse- 
quently, fl gi^es a reading which is the true voltage existing across the circuit. For 
this reason, a high-resistance type voltmeter should always be used when measuring 
the output voltage of a “B’* power supply unit (see Art. 205). 

REVIEW QUESTIONS 

1. State three advantages of operation of a radio receiver with a 

• B-power supply unit operating from the a-c electric light circuit, 

over operation with “B'' batteries. 

2. Show by diagrams and explain in detail why the voltage from 
an a-c electric light circuit cannot be used directly for plate 
voltage supply in a radio receiver. 

3. Name the four principle parts of a “B'' power supply unit 
and describe the function of each. Draw a block diagram show- 
ing the units connected in proper sequence. 

4. Explain the operation of the half-wave rectifier tube. 

5. Explain and show by diagrams, how two half-wave rectifier 
tubes may be connected to form a full-wave rectifier circuit. 

6. Explain the operation of the full-wave rectifier tube. 

7. What advantages does the mercury vapor rectifier tube possess 
over the vacuum type? What feature of its construction is re- 
sponsible for this? 

8. Draw .a circuit diagram of a complete “B** power supply unit 
for operation from the a-c line. A full-wave rectifier tube is 
employed, and the filter contains a 30 henry choke and the field 
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of an electro-dynamic loud speaker. The unit is to supply 300, 
180 and 45 volts to the plate circuits of the tubes in the receiver. 
Explain the operation of each part in the unit. 

9. Draw the circuit diasrram for four filter system arrangements. 
Explain the operation and advantages of each. 

10. What are the requirements of (a) a satisfactory choke coil; (b) 
a satisfactory filter condenser, in a filter system. 

11. Which condenser in a two-section filter is called upon to with- 
stand the highest x’oltage? Why? 

12. Draw the circuit diagram of a “B” power supply unit arranged 
to provide the “C” bias voltage for the push-pull tubes in the last 
audio amplifier stage of the receiver. 

13. It is desired to obtain a plate voltage of 135 volts for an am- 
plifier tube whose plate current is 5 milliamperes. A voltage 
source of 300 volts is av'ailable. Show by a diagram, how this 
may be arranged, and calculate the values of the parts required. 

14. The potential of the high-voltage line in a radio receiver is 300 
volts. It is desired to operate four ’27 type amplifier tubes, and 
two ’47 type pentode tubes in push pull, at their maximum rated 
plate voltages, from this line. Draw the circuit diagram showing 
all connections, and calculate the values of all resistors required 
to supply proper plate and grid voltages for the tubes. (See 
Fig. 214.) 

15. Why should a “high-resistance” voltmeter be used for all volt- 
age measurements in “B” power supply units? 

16. Draw the circuit diagram for a “B” power supply unit designed 
to operate from the 110-volt d-c electric light circuit. The volt- 
age divider is to be of the fixed-resistor type and is to be de- 
signed to supply 15 m.a. at 90 volts, 5 m.a. at 45 volts, and 5 
m.a. at 221/2 volts. The maximum output voltage available is 
100 volts. 

17. Why is it necessary to use a filter in a unit of this kind? Is 
more, or less, filtering required than in the case of a power sup- 
ply unit operating from an a-c line? How does this affect the 
size of the chokes and condensers, and their cost? 

18. What will happen in a “B” power supply unit operating from an 
a-c line, if the paper dielectric in one of the filter condensers be- 
comes punctured? How does this affect the operation of the 
receiver? What would happen if electrolytic type filter conden- 
sers were used? 

19. What will happen if the windings in one of the filter chokes be- 
comes; (a) short-circuited; (b) open-circuited? 

20. What happens if an open-circuit occurs in one of the voltage 
divider resistances, if the system shown in Fig. 375 is used? 

21. Explain what happens when the rectifier tube gets old and its 
electron emission diminishes greatly. 
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ELECTRIC RECEIVERS 

ELECTRIC RECEIVERS — D-C ELECTRIC RECEIVERS — SERIES FILAMENT CIR- 
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517. Electric receivers: In Chapter 27, various types of practical 
"B”. power supply units, for supplying unvarying, smooth, direct current 
voltages to the plate circuits of radio receiving equipment were described. 
These take their power from the electric light socket, one form being used 
with a-c lighting circuits and another form being used with d-c lighting 
circuits. The problem of supplying the current for heating the filaments 
of the tubes in the receiver, is solved by using tubes of the indirect-heater 
type, in which the electron-emitting cathode is heated by a heater-filament 
electrically insulated from it. 

Before proceeding further with the study of electric receivers, it will 
be well to become familiar with the nomenclature which has originated in 
connection with this subject. It is obvious that various combinations of 
electrical operation methods can be resorted to in any set. Thus a receiver 
may use a "B” power supply unit operated from the electric light line, 
but use a storage “A" battery for filament supply. Such a set is not a 
true electrically-operated receiver. 

The following standard definitions adopted by the Radio Manufac- 
turers Association will be used in this book. 

(1) "Battery-Operated Receiver”: A radio receiver designed to 
operate from primary batteries and (or) storage batteries. 

(2) "Electric Receiver”: A radio receiver operating from the elec- 
tric light line without using batteries. 

(3) "A-C Tube Electric Receiver”: A radio receiver employing 
tubes which obtain their filament or heater currents from an a.c. electric 
light line without the use of rectifying devices, and with a built-in recti- 
fier for the plate and grid-biasing potentials. 

(4) "D-C Tube Electric Receiver": A radio receiver. employing 
tubes which obtain their filament or heater current from a direct current 
electric light line, without the use of rectifying devices, and with a built-in 
power supply for the plate and grid biasing potentials. 
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It is evident from these definitions that a true electric receiver does 
not use batteries of any kind, all filament, plate, and grid voltages being 
obtained entirely from the power taken from the electric light circuit. 
Since there are two forms of current, (a-c and d-c), furnished by electric 
light circuits, the two types of electric receivers defined in (3) and (4) 
will now be studied. 

518. D-C electric receivers: In many localities, direct current is 
furnished by the electric light and power company, for electric lighting. 
The electric radio receivers to be used in the.se places, must be designed 
to operate with this direct current as a source of power. As outlined in 
Article 515, the voltage and current in a commercial d-c electric light 
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circuit is not absolutely smooth and unvarying, but contains pulsations or 
“ripples” due to the action of the commutator on the d-c generator. A 
satisfactory filter system for smoothing the voltage and current for the 
plate circuits of the tubes in the receiver was described in Article 515. 
This solves the problem of d-c electric operation insofar as the plate cir- 
cuits are concerned. It is not practical to filter the filament-heating cur- 
rent for the tubes, because the cost of such a filter would be unreasonably 
great. It is really not nece.s.sary to filter this current anyway. If tubes 
such as the ’12A type, or the later ’36, ’37 and ’38 types, are employed in 
the receiver, no objectionable hum results if the unfiltered current from 
the line is used for heating the filaments. While good d-c electric re- 
ceivers have been constructed using ’12A type tubes, the development of 
the separate-heater type tubes referred to above, makes possible the con- 
struction of d-c electric receivers whose operating characteristics are 
very much superior. We will consider the use of these separate-heater 
type tubes only. 

519. .Series-filament circuit: Since the filaments of the d-c elec- 
tric receiver are to be operated from the 110 volt electric light circuit, 
two filament circuit arrangements are possible. These are, the parallel 
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arrangement, and the series arrangement. If we consider the use of sep- 
arate-heater type tubes such as the '36, '37 and '38 which were developed 
especially for service of this kind, we find from Fig. 21'4, that they re- 
quire a filament voltage of 6.3 volts and take a filament current of 0.3 
ampere each. 

Let us consider the simple four-tube d-c electric receiver, whose circuit is shown 
in Fig. 386, and in which these types of tubes are employed. If the filaments of the 
tubes were connected in parallel, as shov/n at <A) of Fig. 384, a resistor R would have 
to be connected in series with them to drop the line voltage of 110 volts, to 6.3 volts 
for the filaments. The total filament current, 0.3 y 4 — 1.2 amperes would flow 
through this resistor. The voltage drop required in it, would be 110 — 6.3 = 103.7 
volts. Therefore its resistance would have to be equal to R — E/I = 103.7/1.2 = 
86.4 ohms. The power dissipated in the resistor would be equal to W = I^R z= 1.2 y 
1.2 y 86.4 z= 124.4 watts. This is quite a large amount of electrical power to be dis- 
sipating in the resistor in the form of useless heat, just to drop the voltage down 
to the proper value. The total power taken from the line for the entire filament cir- 
cuit will be, W = E y I = 110 y 1.2 = 132 watts. Let us see vThat happens if 
we connect the filaments in series, as shown at (B). The total current in the circuit is 
now equal to 0.3 ampere — the same as that for one tube. The total voltage to be 
applied to all of the filaments in series is 6.3 y 4 = 26.2 volts. Therefore a series 
resistor R| must be connected in the circuit as shown, to drop the voltage to the pro- 
per value. The voltage drop in R, must be equal to 110 — 25.2 z=: 84.8 volts. The 
resisftance required to produce this voltage drop is equal to Rz=E/Iz=84.8-f-0.3=282 
ohms. The power dissipated in this resistance will then be equal to, Wz=I^R==0.3y 0.3 
y 282=25.4 watts. The total power taken from the line for the entire filament circuit 
is W = E y I = 110 y 0.3 = 33 watts. 

The advantage of the series-filament connection for receivers of this 
type isgevi^ent. In the first place, since the voltage-dropping resistor 
must dissipate less power in the form of heat in the series arrangement, 
it can be constructed smaller and more cheaply. In the second place, a 
large saving in the power taken from the electric light circuit results. In 
this case, it is 132 watts for the parallel arrangement, and only 33 watts, 
(^4 much) for the series arrangement. A large amount of the power 
•is wasted in the series resistor in the parallel arrangement. The advan- 
tages of the series arrangement are apparent. Insofar as the heating 
of the filaments is concerned, one circuit is just as effective as the other. 

520. Typical d-c electric receiver: The complete circuit diagram 
of a 110 volt d-c electric receiver employing the series-filament connec- 
tion, is shown in Fig. 385. Four separate-heater tubes are employed. 
Due to the separate-heater construction, the filament current need not be 
filtered, since the ripples in it do not affect the emission of electrons from 
the cathode. The filament current fiows from the positive side of the 110 
volt d-c lighting circuit through the “on-off" switch, up through the 282 
ohm resistor Rm, through filaments Vi, Vo, V 3 and V 4 , and back to the 
negative side of the line, as shown by the solid arrows. 

An ordinary 40 watt, 110 volt incandescent lamp bulb could be used as resistance 
R,o» since it has a resistance of approximately 300 ohms and would allow about 0.29 
amperes to flow through the filament circuit when the line voltage was 110 volts. The 
tubes would operate satisfactorily with ^his current, and some margin of safety would 
be secured in the event of the line voltage rising to 115 volts or more at ^imes. 

The receiver employs two stages of tuned r-f amplification using screen grid 
tubes, a screen grid power detector, and a power pentode output tube. The r-f coils 
L,, Lj and L,, are of the special resonated primary type, (see (3) of Pig. 290A), for 
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uniform r-f amplification. Tuning condensers Cp Co and C 3 are the sections of a 
3-gang condenser, for singe-dial tuning control. The grid-bias voltages for the 
tubes are obtained by means of the voltage drops in the resistors R „ R3, R^ and R^ 
respectively, connected in the cathode circuits. By-pass condensers of suitable values 
shunt these resistors. The volume control resistor Rj in the common cathode return 
circuit, varies the grid bias on the two r-f tubes. The filter system for the plate 
voltage supply consists of 30 henry choke CH_, connected in series with the positive 
side of the lino, and filter condensers Cjr, and Cj,j connected across the line. The paths 
of the plate currents of the various tubes, are shown by the dotted arrows. The 
proper screen grid voltage is obtained from potentiometer Rg connected from B — to 
the B 4 - line. The r-f choke RFC . and by-pass condensers C- and Cji in the screen 
grid circuits prevent interstage coupling which might otherwise be caused by the 



Liz=Shielded Antenna Coil 

L.„ LjzziShielded R.F. Coils 

r:F.C.,— R.F.C.;^- 85 M.H. R-F Chokes 
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Cl, C^, 03=3 Gang Variable Cond. 

C^, C-„ Cfl, C7, Cg, Cg, Ci3 .Ol-piF. By-pass 
Cond. 

C,... C,j“lj.iF By-pass Cond. 

Ci2=: di)l ^F By-pass Cond. 
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Cond 
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One 4 p,F) 
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‘Signed 10 opeiate fiom ihe llO-voli d-c electric 
Knd t-r-f aniplifler staat^s, a sfieen arid de- 
t tube — all being of the separate-healer type 


common impedance in the circuit. Since gnd-bias resistor R 7 has a resistance of only 
1200 ohms, a rather large value of by-pass capacity Cj^ must be connected across it 
to prevent serious degenerative effects m the pentode circuit due to the varying plate 
current flowing through R^. A low-voltage type electrolytic condenser is suitable for 
this. 

It should be remembered that the line plug for any d-c electric re- 
ceiver must be inserted properly in the receptacle so that the “positive” 
side of the line connects to the “plate” side of the circuit. If the plug is re- 
versed, the plates of the tubes have a negative potential appliecl to them, 
and the receiver will not function. 

521. A-C tube electric receivers: The construction of a-c electric 
receivers embodies the many principles w'hich we have studied in pl-evious 
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chapters. In general, there are three main circuit arrangements employed 
in receivers of this type. The first, is the ordinary t-r-f receiver which 
employs several stages of tuned radio-frequency amplification. The sec- 
ond is the band-pass selector type receiver, in which the tuning is accom- 
plished in a band-pass selector proceeding the amplifier tubes, as shown 
in Fig. 258. Then the wanted signal is amplified by several stages of un- 
tuned r-f amplification. The third is the superheterodyne circuit. Of 
course, each of these employs a detector and at least one audio stage. 
The r-f amplifiers of modern receivers employ screen-grid type tubes on 
account of their many advantages. The detector tubes may either be of 



386 — Typical a-c electric screen urid t-r-f receiver employing 3 stages of l-r-f ampli- 
firalion. screen grid detector, and single stage push-pull a-f amplifier The arrows 
show the directions of flow of the plate currents of the various tubes 

the screen-grid, the 3-electrode, or the power pentode types. All a-c 
electric receivers contain a rectifier, filter, and voltage divider system for 
making the a-c line voltage suitable for use in the plate circuits of the 
tubes. Separate-heater type tubes, heated by raw a-c current obtained 
from low-voltage windings on the power transformer, are commonly em- 
ployed, with the exception of the power amplifier tubes, which are usually 
of the direct-heater, thick-filament type. Grid-bias voltages are obtained 
by utilizing the voltage drops occurring in re.‘^istors of proper values con- 
nected properly in the circuit for this purpose. 

522. Typical t-r-f a-c tube electric receiver: The circuit diagram 
of a typical t-r-f a-c electric receiver is shown in Fig. 386. This employs 
three stages of tuned screen-grid r-f amplification, a screen-grid power 
detector, and a single push-pull audio .stage using ’45 type power amplifier 
tubes. An analysis of this circuit follows : 

The four tuninu condensers are constructed in ttang form for sinple-dial tuning 
control. The r-f coils have a “capacity winding” shown at the top, to equalize the r-f 
amplification over the broadcast band (see (2) of Fig. 290A). A dual-type volume 
control consisting of potentiometer R, in the antenna circuit and R, in the screen 
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grrid circuits of the r-f tubes is employed. Tone control is obtained by means of the 
22,600 ohm resistor and 0.1 mf. condenser, across the primary of the push-pull output 
transformer. All of the filaments of the tubes are connected in parallel across the 
2.5 volt heater winding on the power transformer. A full-wave rectifier tube is em- 
ployed and the rectifier filter system is of the Miessner type, with a tapped filter 
choke in the negative side of the circuit. The field of the loud speaker connected 
in series with this, also acts as a filter choke. The proper plate voltage for the r-f 
tubes is obtained by means of the voltage-dropping resistor R,j. The direction of the 
plate current flow of each tube is shown by the arrows. Resistor R^ drops the voltage 
to the proper value for the screen grids. The grid bias voltage for the power ampli- 
fier tubes is obtained by the voltage drop across resistor R|p connected in the plate 
current return circuit of these tubes. The resistance of the plate circuits of the 
power amplifier tubes in push-pull is matched to the low impedance of the speaker 
voice-coil by means of the special output transformer Tj. 

523. Typical superheterodyne a-c tube electric receiver: The com- 
plete circuit diagram of a typical superheterodyne a-c electric receiver is 
shown in Fig. 387. This employs a stage of t-r-f amplification ahead of 
the first detector, using a variable-mu type tube. Two stages of inter- 
mediate-frequency amplification are employed, with band-pass tuner in- 
terstage coupling transformers Tr, To and T3, each having a tuned prim- 
ary and a tuned secondary. The second detector is of the 3-electrode 
power type, and feeds into a push-pull power pentode amplifier stage. The 
pair of '47 type pentode tubes in push-pull are capable of handling from 



FIff. 387 — Circuit diaf^ram of a typical a-c tube electric auperhrton idyne receiver employing 
\anaMe-iiiu and power pentode tubea The arrows show thu paths of the plate cur- 
rents The actual receiver is shown in Fig 388 

6 to 71/2 watts of power — which is ample for home requirements. Ex- 
cellent volume control is obtained by means of resistors and R*, which 
vary the grid bias applied to the variable-mu amplifier tubes. Due to 
the fact that these tubes can handle large values of signal voltage without 
rectification, cross modulation effects are not troublesome, and no pre- 
selector is required ahead of the -first r-f tube. The oscillator tuning cir- 
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cuit is of the “padded” type designed to be tuned in synchronism with the 
r-f and detector tuning circuits. 

The plate current of the second detector tube is brought through resistor R| and 
is isolated from the primary of the audio transformer T 4 by condenser Cji, the com- 
bination of Rj, Cj,, and the primary of making up the Clough system of tuned a-f 
amplification. This is designed to produce slight over-amplification of the audio fre- 
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Pig 388 — Top and bottom views of the a-c superheterodyne receiver shown In P g. 187 . 

Note the sturdy metal chassis, and the simplified wiring which results from s 
careful design and proper layout of all parts and wiring. 

quencies between 50 and 100 cycles, to compensate for the deficiencies of the loud 
speaker on these frequencies (see Arts 431, 451 and 485). The tone control circuit 
consists of rheostat R 2 of 600,000 ohms resistance, and condenser C |2 of .025 mf. 
capacity. 

The power supply unit utilizes a full-wave rectifier tube, with power transformer 
Tg supplying all filament and plate voltages. Winding X-X supplies the low voltage 
a-c current for the parallel-connected filaments of the tubes in the receiver. Resistor 
R |2 is the C-bias resistor for the power pentode tubes. The filter circuit utilizes one 
choke coil L,^, and tne 800-ohm speaker field F.C., together with three 4-mf. dry elec- 
trolytic condensers C 14 , and in addition, the filtration effect provided by the hum- 
bucking coil B.C. in the speaker voice-coil circuit and the additional by-pass condensers 
in the plate circuits. The plate voltage for the power pentodes is taken off from the 
point between the two chokes. The voltage divider consists of resistors R 7 , Rg, Rg 
and R 4 connected between the high voltage side and B — The high voltage is sup- 
plied direct to the plates of the amplifier and detector tubes. The paths of the plate 
currents through the receiver are shown by arrows on the diagram. It will be very 
instructive for the reader to trace these paths through the receiver. Resistor R^ 
drops the voltage to the proper value for the screen grids and the plate of the oscillator 
tube. Resistor R 4 and the portion of R^ included between this end and the moyabla 
arm determine the control-grid bias voltage of the r-f and i-f tubes, this being em- 
ployed as the volume control. Resistor R 4 is used to assure that at least a certain 
value of grid-bias potential will be applied to the amplifier tubes even when the arm 
of the volume control resistor R^ is set at its extreme left position. 

The loud speaker is designed especially for over-accentuation of the high audio 
frequency note reproduction, to compensate for the suppression of the upper side band 
frequencies in the r-f and i-f amplifiers in an attempt to secure exceedingly sharp 
tuning in these circuits. The proper combination of low-frequency compensation in the 
audio amplifier, and high-frequency compensation in the loud speaker, (see Article 
486), gives an overall frequency-response which provides satisfactory reproduction. 
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considering that the 10 kc channel basis, on which stations are allowed to transmit, 
permit them to transmit only those audio frequencies up to about 5,000 cycles. The 
tone control provides an adjustment of the high-frequency response to suit the taste 
of the individual listener. 

The sensitivity of this receiver is such, that an actual signal voltage of 2.84 to 
1.86 microvolts (depending on the frequency of the station) applied in the antenna 
circuit (standard 4 meter effective height) will produce the standard output of 60 
milliwatts in the output circuit. These figures divided by 4, give a sensitivity of 
from .71 to about .46 microvolts-per-meter (see. Art. 347). Sensitivities of this order 
are really higher than can be utilized in practice in most locations because of static, 
electrical disturbances, etc., and are high enough to receive any signal sufficiently 
above the prevailing noise level, to be intelligible. • 

A top view of this receiver showing the simplified construction, is 
shown at the left of Fig. 388. The power supply unit is contained in the 
ventilated shield at the front left. The gang tuning condenser and o.scilla- 
tor tube are at the right. At the rear are the various tubes, shielded 
from each other. The rectifier and power amplifier tubes are shown at 
the lower left. The illustration at the right shows the arrangement of 
the wiring and the smaller parts such as tube sockets, audio transform- 
ers, plate and C-bias resistors, by-pass condensers, volume and tone con- 
trol resistors, etc., under the chassis. Notice that while the circuit dia- 
gram of Fig. 387 looks fairly complicated, the actual construction and wir- 
ing of the receiver itself is also simple, as a result of the great care ob- 
served in laying out the parts and wiring. 

524. Typical midget superheterodyne receivers: The* so-called 
midget type receivers, have attained a definite status in the low-price 
radio receiver field. They are constructed in very compact form, and are 
enclosed, together with the electro-dynamic loud speaker, in very compact 
cabinets which may be placed on a suitable table, and readily be trans- 
ported. While it is true that midget type receivers are not able to repro- 
duce the lower audio frequencies down to anywhere near 40 cycles, due 
to the fact that the loud speaker baffle which is formed by the receiver 
cabinet is necessarily very small, fairly pleasing reproduction is obtained 
by properly suppressing the high-note reproduction so the tone appears 
low to the ear. Of course this is not true undistorted reproduction. From 
the standpoint of amplification, the midget type receiver may be con- 
structed to have practically as high a value of sensitivity as the larger re- 
ceivers, provided a reasonable amount of cabinet space is available for 
the parts. The results accomplished by receiver designers in this field, 
are little short of marvelous. Of course, the development of the high-amp- 
lification screen-grid and variable-mu tubes, the high power sensitivity 
pentode tubes, the development of the compact form of dry electrolytic 
filter condensers, and the compact form of electro-dynamic loud speaker 
have all assisted materially in making this form of receiver po.ssible. A 
typical midget receiver chassis and loudspeaker is shown in Fig. 286. An 
idea of the felative size and spacing of the parts may be obtained, when 
it is realized that this entire chassis is just 12 inches wide. A sensitivity 
of 6 to 10 microvolts-per-meter is. obtained. Another midget superhetero- 
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dyne receiver whose chassis measures only 12 inches long, 10 ^/^. inches 
deep and 8 inches high overall, is shown in Fig. 389. Notice the compact 
arrangement of the parts and the simplified weiring under the chassis. 

Both the t-r-f and the superheterodyne circuits have been used ex- 
tensively in receivers of this type. Of course, screen-grid type tubes, and 
power-pentode output tubes (either singly or in push-pull), are employed 
almost exclusively, since less stages of amplification are required when 
they are employed. The circuit diagram of a typical t-r-f midget receiver 
is shown in Fig. 390. This contains two stages of tuned radio-frequency 
amplification employing variable-mu tubes, a screen grid power detector 



Courtesy Radxo Magcuine 

Fig ISS— Top and bottom \icws of a typical midget superheterodyne chassis which measures 
only 12xl0\ inches Thus contains two stages of i-f amplification, first and second 
deieitoiv, and a push-pull audio output stage — 8 lubes in all, including the rectifier. 

and a single power-pentode output tube. The r-f transformers employ 
the small capacity coupling winding to equalize the sensitivity throughout 
the tuning range. The power detector is resistance-capacity coupled to 
the output *47 type pentode tube. The full-wave rectifier circuit employs 
tw'o electrolytic filter condensers, and the field coil of the loud speaker, 
(which connects betwe^rn G and B in the loud speaker plug socket shown) 
acts as a filter choke in the B — lead. The reader should trace and study 
the various features of circuits such as these, as much valuable practice 
and knowledge will thereby be obtained. 

Fig. 391 shows the rear view of a typical midget receiver chassis with 
electro-dynamic loud speaker, in a small midget cabinet. Notice the loud 
speaker, mounted against the top of the front face of the cabinet. The 
chassis is suspended in the floating rubber suspensions shown at the sides 
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of the cabinet, to reduce the vibration which would otherwise be com- 
municated directly from the loud speaker to the tubes, by the cabinet. 

525. General consideration of a-c receiver design: It is obvious- 
ly impossible because of space limitations, to present and discuss in a 
text of this kind, a large number of circuit diagrams of commercial re- 
ceivers being manufactured. The author does not feel that it would be 
desirable to include these anyw’ay, for the details of vacuum tube and 
radio receiver designs are constantly being improved and changed from 



PI*. 390 — Cirrult dia*rani of an a-c electric midget type receiver eniployln* t^- st^*es of 
screen-grid t-r-f amplification, power detector, and a .single power pentode audio 
output tube 

season to season. It is felt that the typical circuits presented here will' 
enable the reader to understand the general circuit arrangements em- 
ployed in the various types of receivers. It will be found, that as a rule, 
receivers marketed by various manufacturers differ only in minor circuit 
details, structural design of the parts and mechanical arrangement. 
The student who is well grounded in the fundamentals concerning vacuum 
tubes and the theory of receiving systems should have no difficulty in 
analyzing the circuit of any particular receiver in which he may be in- 
terested, at any time. In fact, it is strongly urged that he develop the habit 
of studying and analyzing the latest receiving circuits which are published 
in the popular radio magazines and circuit diagram manuals. A little ex- 
perience in doing this, will enable him to quickly analyze the important 
features of any receiver circuit in but a few minutes. 

Receiver design has progressed so rapidly in the United States that 
it is difficult to see where any radical improvement in operating charac- 
teristics can be made — under pre.sent broadcasting conditions. Medium 
priced receivers are available, which have as much sensitivity as it is 
possible to employ in practice on account of the “noi.se level” resulting 
from all sorts of extraneous electrical disturbances such as “static”, dis- 
turbances set up by electrical machinery and appliances, etc. Tone qual- 
ity in many of the larger receivers employing satisfactory baffling for the 
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loud speaker, has been improved to a point where the average listener 
would not notice any further improvement. It would seem that any fur- 
ther radical improvements which may be effected will be along the lines 
of even further simplification and reduction of size and cost of the re- 
ceiver, rather than in marked improvements in operating characteristics. 

525A. Hum and noises in electric receivers: An electric receiver 
should operate without objectionable hum or other extraneous noises due 
to the electric operation. Absolutely silent operation is difficult to obtain 
in receivers which reproduce the audio frequencies down to 60 cycles. How- 
ever, in well designed receivers, the hum is reduced to a value where it 
does not cause objectionable disturbance, and is practically unnoticeable. 

One frequent cause of a-c hum in a receiver, is the interaction between the mag- 
netic fields of the parts in the power supply unit and those in the audio amplifier. As 
shown in Fig. 391 A, the power transformer used in the power unit, as well as the 
filter chokes, and the audio transformers used in the receiver, have magnetic fields 
which spread out to a considerable distance in their vicinity. If these parts are placed 
close to each other so that the fields and windings interact, alternating voltages 
will be induced in the chokes and the audio-frequency amplifier transformer coils, and 
will be amplified along with the signals, producing a bad hum in the loudspeaker. Any 
sjight a-f voltage induced in the first audio transformer is especially liable to cause 
troublesome hum, as this voltage is amplified several hundred-fold by the audio ampli- 
fier. The use of a resistance coupled first audio stage eliminates this, since a resist- 
ance coupling unit does not have coils to pick up induction effects. The use of a re- 
sistance-coupled audio stage following the detector in a-c tube electric receivers has 
become very popular for these reasons. 


'ftie ^Jower transformer, the chokes, 
and the audio transformers (especially 
the first stage one) must be kept a suit- 
^able distance apart to avoid this trouble. 
Thus distance is best determined by ex- 
periment with the particular units used, 
by shifting the parts around. This 
trouble can also be reduced effectively by 
locating the parts in such relation to each 
other that the magnetic fields are at right 
angles to each other. Also keep all grid 
and plate leads as short as possible, and 
away from all circuits carrying alternating 
current. The wires carrying a-c should 
be twisted to prevent magnetic induction 
effects (see Art. 124). Faulty a-c tubes or 
faulty rectifier tubes are al.so a frequent 
cause of hum in a set. They can be detected 
by plugging new tubes in their places while 
the receiver is operating. 
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Courtety R C.A. Victor Co. 
rip 391— Rear view showing position of 
chassis and loud speaker m a typ- 
ical midget type receiver. Notlco 
the compact construction. 


Noisy sets usually present quite a 
problem, as it is usually difficult to Ipcate 
the source of the troubl . To locate the 
cause of noises, first find out if the 
scratchy noises are coming from the aerial 
circuit or from the set, tubes, power univ, 
or batteries. To do this, first operate the set so the scratchy noises come in loudly. 
Now disconnect both the aerial and ground from the set and short the “Ant” and 
“gnd” terminals of the receiver with a short piece of wire. If the ndises stop, it in- 
dicates that they have been caused by some outside electrical disturbance sending the 
electrical impulses to the aerial. In this case, you will have to try to locate the cause 
of the trouble and eliminate it. 



776 


RADIO PHYSICS COURSE 


If the noises continue when the aerial is disconnected, it indicates that they orig- 
inate in the equipment. Check over every connection to make sure it is made tightly. 
Now try a new tube in each socket at a time to find out if one of the regular tubes 
is causing the noises. • i_ • 

Hum or howling is sometimes caused by one or more microphonic tubes in the 
set. To locate a microphonic tube, operate the set so that the hum or howl comes in 
very loud. Now press your hand firmly down on each one of the tubes in the set in 
turn. When you do this to the microphonic tube, the hum will decrease in strength 
or disappear altogether. It should either be replaced with a new tube, or one of the 
weighted “howl-arresters^’ made for this purpose should be placed on it. They can 


Fig 391A — How the external «)i 'stray' 
varying magnetic fields existing in the space 
around the power transformei and filter 
choke coils in a power supi>ly unit in.iy act 
on the windings of an audio transformer 
and induce 60 or 120-cycle a-c voltages In 
these windings These induced hum-volt- 
ages will be amplified greatly by the a-f 
amplifier in the receiver and will result in 
an objectionable 60 or 120-cycle hum from 
the loud speaker To pre\ent this, the a-f 
transformer should be mounted at some 
distance away, and with its core at right 
angles with those of the other units 


be purchftsed at radio stores fur a nominal sum. Placing the speaker too close 
to the set sometimes causes a hum or howl due to the strong sound waves from the 
speaker setting up a mechanical vibration of the tubes. When the tube elements 
vibrate <at the audio frequency), the distance between them changes, resulting in 
corresponding audio-frequency plate current changes which are amplified by the audio 
amplifier, resulting in a hum or a bad howl. The remedy for this is to mount the 
speaker at some distance from the set, or use weighted rubber “howl-arresters” on the* 
sensitive tubes located by the above tests. 

REVIEW QUESTIONS 

1. Show by an actual example, why it is more satisfactory and 
economical to operate the filaments of the tubes in a d-c elec- 
tric receiver in series, than in parallel. 

2. A d-c electric receiver is to be constructed with six tubes hav- 
ing their filaments connected in series across a 110 volt line. 
Each filament is rated at 5 volts and 0.25 ampere. What must 
be the resistance value and wattage rating of the resistor which 
must be connected in series with the filament circuit? Draw a 
diagram showing the complete filament circuit only. 

3. Describe briefly what must be done to the current from the d-c 
electric light line before it can be applied in the plate circuits 
of the receiver. 

4. Draw a diagram showing the “B’’ supply circuits and filter for 
the receiver in question 2. 

5. Explain why it is not possible to use “raw" a-c applied directly 
to the plate and grid circuits of an a-c electric receiver. 

6. Draw a circuit diagram showing the “B" and “C“ circuits of an 
ordinary 5 tube t-r-f a-c electric receiver, complete with the “B" 
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power supply unit in which the speaker field and an additional 
30 henry choke coil are used in the filter. 

7. What is the advantage of using screen-grid tubes of the variable- 
mu type instead of the 3-electrode type, in the r-f or i-f am- 
plifier circuits of a receiver? 

8. What are the advantages of using power pentode tubes instead 
of 3-electrode power tubes in the output stage? 

9. What are the relative advantages of a-c and d-c current supply 
for the operation of electric receivers? 

10. Draw the complete circuit diagram, with all filament, plate, and 
grid-bias voltage supply circuits, of a three-stage tuned r-f a-c 
electric r-f amplifier, using variable-mu type tubes. Use your 
own ideas regarding volume control, etc. 

11. Add a screen-grid power detector to the circuit in the previous 
question. 

12. Add a push-pull audio output stage using pentode tubes, to this 
diagram. Draw the loud speaker connections and a tone con- 
trol in the circuit, using your own ideas, as to their proper ar- 
rangement. Now explain the main features of the entire circuit. 

13. Repeat questions 10, 11, 12 for a superheterodyne type receiver. 

14. Explain why separate-heater type tubes are used in a-c electric 
receivers. 

If^ ]ji^hat improvements in radio reception would result, if each 
broadcasting station were allowed to transmit a band of fre- 
quencies 20 kc wide instead of the 10 kc band now employed? 
What changes in present receiver design would be necessary to 
enable the benefits resulting from such a change to be realized 
at the receiving end? 

16. Describe the construction of a 3-electrode separate-heater type 
amplifier tube, and explain how filament operation with a-c 
current is possible without resulting in objectionable hum. 

17. Explain two advantages of using resistance coupling between 
the detector and first audio stage in an a-c tube electric receiver 
using a power detector. 

18. Explain in detail how you would proceed to determine whether 
“scratchy”, “crashing” noises issuing from the loud speaker of 
an electrically-operated radio receiver are due to electrical dis- 
turbances reaching the set by way of the antenna-ground circuit, 
or reaching it by way of the electric light supply line. 

19. If your test in question 18 indicates that the disturbances are 
reaching the set via the antenna-ground circuit, and further tests 
show them to be induced in the antenna lead-in wire only, how 
could you eliminate them? Explain! 

20. If the disturbances are reaching the set via the electric light 
supply line, how would you prevent them from reaching the set? 
Explain, with diagram! 



Chapter 29 

AUTOMOBILE AND AIRCRAFT RECEIVERS 

RADIO RECEIVERS IN AUTOMOBILES — SELECTION OF THE TUBES — THE RE- 
CEIVER — THE LOUD SPEAKER — THE “B” BATTERIES — TUNING CONTROL — 
THE ANTENNA AND GROUND SYSTEM — IGNITION SYSTEM INTERFER- 
ENCE — AIRCRAFT RADIO RECEIVER REQUIREMENTS — ENGINE IGNITION 
INTERFERENCE — SHIELDING THE IGNITION SYSTEM — THE ANTENNA SYS- 
TEM — RADIO EQUIPMENT — RADIO BEACONS — REVIEW QUESTIONS. 

526. Radio receivers in automobiles: The use of radio receivers 
installed in automobiles, either for entertainment purposes, or for gen- 
eral police signal work, etc., presents some special design and installation 
problems which are not encountered with home receivers. These prob- 
lems arise from the special operating conditions which exist in automo- 
biles. 

The most important of these special operating conditions is the fact 
that the auomobile radio receiver must obtain all filament, plate and 
C-bias voltages for the operation of its tubes either directly (or indirectly) 
from the same storage battery (usually 6 or 12 volts) which is usecl 
for the starting, lighting and ignition system of the automobile. There- 
fore, it should not require large filament or plate currents, for this 
would impose an excessive current drain on the car battery. A heavy 
current drain is especially objectionable in cold weather, when it is neces- 
sary to maintain the storage battery in fully-charged condition at.all,;times 
in order to facilitate the operation of the self-starter motor when the 
engine is cold and the lubricating oil is stiff. 

The “filament” current for automobile radio receivers is usually ob-' 
tained directly from the car storage battery. The “plate” and “C-bias” 
voltages may be supplied by dry-cell batteries (see Arts. 62-64), but it is 
more common to employ specially-designed mechanical-vibrator and trans- 
former arrangements, dynamotors, etc., for producing the high “plate” 
and “C”-bias voltages required. These devices also take their operating 
current from the storage battery of the car. 

Since only a short antenna may be erected on the automobile, the 
signal pickup is rather weak (a few microvolts at best) and a very sensi- 
tive receiver is required. Also, the electrical, interference created by the 
ignition system of the automobile must be eliminated. Finally, the problem 
of providing satisfactorily tuning and volume controls within easy reach 
of the driver, must be considered. 

527. Selection of the tubes: The filament current for the tubes 
is usually obtained from the same storage battery which is used for the 
ignition and lighting system of the car. .Since the tubes used in receivers 
of this type must be able to withstand the continuous vibration of 
the car without shattering, they must be of rigid construction. Also, since 
the output voltage of the charging generator connected across the battery 
is a pulsating current, the filament current will also be pulsating while 
the engine is running. For these reasons, tubes of the separate-heater 
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type are desirable on account of the rigidity of their heaters and the 
freedom from electron emission variations. While both 6 and 12-volt 
types of batteries are used on automobiles, the 6-volt type is most com- 
mon in American automobiles. Special separate-heater type tubes have 
been developed to operate satisfactorily from this source of filament volt- 
age supply. Among these, are the ’36 type screen-grid amplifier tube, the 
’37 type general-purpose tube, and the ’38 type power output pentode tube, 
(see Fig. 214) which all operate with a filament voltage of 6.3 volts and 
a filament current of 0.3 amperes. 

All are of the high-vacuum type, and they employ coated cathodes, indirectly 
heated. The cathodes, >vhich are the same for all three tubes, have been carefully 
designed to insure uniform heating over as wide a range of heater voltage as possible, 
in order that the tubes will perform satisfactorily under the normal voltage variations 
of automobile batteries during charge and discharge. This feature, together with that 
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Fig. 392 — Five tube t-r-f receiver designed for automobile installation. The receiver is shown 
mounted m place under the instrument board of the car, at the left It is en- 
closed in a dust-proof metal case A tuning dial is provided directly on the re- 
ceiver The circuit diagram is shown in Fig 393. 

of the general freedom from microphonic and battery circuit disturbances of the 
separate-heater type, make these tubes particularly well suited for use in automobile 
receivers. The '36 type screen grid tube may be used either as radio-frequency 
amplifier or detector. The heater voltage, which is obtained directly from the car 
battery, may vary between 5.5 and 8.5 volts during the charge and discharge cycles 
of the battery, without appreciably affecting the performance or serviceability of 
tubes. No resistor in the heater circuit is required when operated from a 6-volt car 
battery. If a battery of higher voltage is installed in the car, the voltage may be 
dropp^ to the proper amount by connecting a resistor in series with the circuit, its 
value being calculated by Ohm's Law (R=E^I). 

S28. The receiver: Since the signal pickup of the short, low 
antennas which must be used on automobiles is very small (being only a 
few microvolts at best), the receiver must be designed to be^very sensi- 
tive, a sensitivity, such that the receiver will deliver a signal output of 80 
milliwatts when a signal voltage of about 20 microvolts is applied to it, 
being considered satisfactory for most ordinary requirements. This per- 
formance must be obtained with economy of space, weight, and batteries. 
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Construction must be dust-proof, and sufficiently rigid to stand up well 
under the vibration existing in the car. Both superheterodyne, and t-r-f 
circuits are suitable for receivers of this type. A typical 5-tube t-r-f 
receiver designed especially for automobile installation is shown in Fig. 
392. The installation of the receiver unit under the instrument board 
of the car is shown at the left. The “on-ofF” switch, tuning knob and 
volume control are plainly visible. This particular unit is constructed 
so it slides out of the container cabinet by unfastening four screws on the 
front panel. This facilitates tube replacements or testing. At the right, 
the chassis is shown removed from the container. The tubes, 3-gang 
tuning condenser, and dial are plainly visible. The circuit diagram of 
this receiver is shown in Fig. 393. 

The receiver contains three stages of screen-grid tuned r-f amplification, a 
screen-grid power detector, and a power output pentode tube. The filaments are all 



Fig 393 The circuit diagram of the automobile radio receiver which Is shown In Kig 392 
It i.s a 5-tube screen grid t-r-f receiver using a power pentode output tube All 
tubes are of the 6 3 volt filament separate-heater Ivpe 

connected in parallel, one terminal fi'oin^ to the terminal of the ammeter on the in- 
strument board of the car, and the other one connecting to the frame of the car, 
which is grounded to one side of the storage battery which is ordinarily used for igni* 
tion, starting and lighting current supply. Whether the positive, or the negative, 
terminal of the car battery is grounded to the frame does not matter. Grid bias volt- 
ages for the various tubes are obtained by the voltage drop through the various grid 
bias resistors connected in the cathode circuits as shown. The detector is resistance- 
capacity coupled to the 38 type pentode output tube. The use of the power pentode 
tube has the advantage that large output is obtained with relatively small signal 
voltage input to the grid. Only three leads run to the B batteries, one for the B — 
connection, one for the 4-G7 volts for the screen grid circuits and one for the 135 volts 
for the plates. A 3-gang tuning condenser is employed, for single-dial tuning control. 
A double contact “on-off” switch which opens both the filament circuit and the main 
B or “plate” circuit is provided. 

529. The loud speaker: From 2 to 2.5 watts of power are neces- 
sary for .satisfactory reproduction in automobiles. Three types of loud 
speakers are suitable. They are, the “balanced-armature”, the "inductor”, 
and the “moving-coil” types. Cone diaphragms with a metal protecting 
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case are usually employed. The moving-coil type may have a field mag- 
net of either the permanent magnet or electromagnet type. The field coil 
on the latter must be wound either to operate from the 6-volt storage bat- 
tery of the car or to act as a filter-choke in the “B” power supply unit. 
Since only a small volume of sound is required in an automobile, the 
speaker really need not be of the types designed to handle large volume. 
The location of the loud speaker in the car has considerable effect on the 
resultant tone quality, and before definitely mounting the speaker in 
position it should be tried in several different locations. The location 
under the dash, commonly used in many installations, is one of the poorest 
places from an acoustic point of view, in which to place the speaker. 



Fig 


394 — Left Interior \iew of the ch;\5»siis of an 
timing control The shaft and coupling a 


Couritwy Rad\o New Magatvne 
automobile receiver designed for remote 
the center, attach to the tuning-control 


dnve-shkft . 

Right A B " battei-y compartment consisting or 
sunk into the floor at the rear of the automobile 
ployed, for sat i.sfactory ■•B’-po>^er supply units 


a sponge - rubber lined metal box 
"B” batteries need not be em- 
operating from the car storage 


batfery aie available 


Mounting it under the roof of the car, at the center is preferable, but 
this requires a speaker of pleasing appearance and fairly fiat consti^c ion. 

530 The “B” batteries: When “B” batteries are employed, they 
are usually mounted in a suitable metal box. lined with sponge 
rubber at least i/o inch thick for protection against jolts. In touring cars 
and sedans, this box may be built into the floor at the 
the car opposite that on which the exhaust pipe and niu er are > 

for heat deteriorates “B” batteries. Ar installation of this kind is shown 
at the right of Fig. 394. In roadsters and coupes, there is pnerally ample 
space for the “B” battery box in the luggage compartment in the rear- 

In making battory ^ pu%o?eV''should"bren^ployed,%n^^ 

especially made for this shielding of the battery wires re- 
covering should be grounded. 1 u irreatly decreases any possibility of 

duce the ignition disturbances picked up, but it greatiy accrca 



782 


RADIO PHYSICS COURSE 


short circuits due to damaged insulation caused by shifting and rubbing of the wires, 
and consequent grounding of either the plate or filament circuits. Due to the use of 
the heater-type tubes throughout, polarity of the connections to the storage battery 
is of no consequence. A connecting plug into which the leads from the “A^’ and “B** 
batteries are terminated, is usually plugged into a socket provided at the side of the 
receiver box. 

531. Tuning control: Two types of tuning controls may be used. 
One is the direct type shown on the receiver of Fig. 392, in which the 
tuning dial is mounted directly on the receiver cabinet. The other type, 
shown in the installation at the left of Fig. 395 employs a flexible drive 
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Fig 395— Left. Remote tuning control mounted on the instrument board of the automobile. 
The receiver and loud speaker are und*»rneath 

Right. Spark plug resi.stors in place on the spark plugs of a 6-rylinder automobile 
engine to supprc.>s interference from the ignition .system » 

member between the tuning control, which is placed in a location most 
convenient to the driver, and the tuning condenser drive on the receiver., 
This flexible drive member may consist of link-connected rods, a flexible 
cable or spring drive svstem, etc. This remote-control tuning provision 
enables the receiver to be mounted in the most suitable location, away 
from the tuning control if necessary, but adds to the cost of the outfit. 
In the receiver shown at the left of Fig. 394, and at the left of Fig. 395, a 
remote tuning drive is provided, the receiver controls being mounted on 
the instrument board, and the receiver and loud speaker being mounted 
out of the way under the cowl, as shown. 

532. The antenna and ground system: Two types of antenna in^ 
stallation are in common use. 

In one type, the antenna system consists of two flat metal plates about 8 X 
inches each, which are mounted by insulators, beneath the running boards of the car. 
These two plates are connected together to the **antenna” terminal of the receiver. The 
“ground” connection is made to the metal frame of the car, this acting as a “counter- 
poise ground” (see Art. 615). This type of antenna has the important advantage of 
r^uced ignition circuit interference pickup, since it is fairly well shielded from the 
disturbances radiated from the ignition system, but the radio-.signal pickup is also 
rather law. * 

In the other antenna system, the antenna is installed in the roof of the car, above 
the roof upholstery. It may consist of a cloth-covered copper screen, “chicken-wire” 
metal screening, or a coiled loop of insulated flexible wire. A shielded lead-in wire is 
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usually brought down through one of the hollow front posts of the car body, for 
connecting the antenna to the radio receiver. 

Many cars are equipped with built-in antennas in the factories,' when they are 
assembled. Generally, these antennas consist of metal screen-mesh located above the up- 
holstery in the roof of the car. ^ While it is not an impossible task for anyone to re- 
move the roofing material and install such an antenna, a much simpler method in a 
used car, is to obtain a large darning needle and some fine fiexible wire and thread 
the wire through the roof upholstery forming a coiled-wire antefina. 

In roadsters and touring cars, a fiexible wire may be stitched into a piece of cloth, 
to form a horizontal coil. This unit is then stitched to the pads which support the 
“top” material at each side. A lining of the same material as the top, is stretched 
beneath to conceal it from view. In such an installation, the top may be folded back, 
as the lead-in wire is brought down from the rear of the top, and along the body-sill 
to the cowl. The set may be operated with the top up or down, although better re- 
ception is of course had with the top up. Measurements of’ these screen-type an- 
tennas show, for sedan models, a capacity of about 200 pp.f. and a resistance of about 
1.6 ohms at 1,000 kc. The inductance is negligible. This capacity compares favorably 
with that of a good broadcast antenna, but the effective height averages but .4 meter, 
which means that the signal voltage pickup is very weak (a few microvolts at best), 
and a very sensitive receiver is required. 

533. Ignition system interference: Unless suitable precautions 
are taken in the design and installation of automobile radio equipment, 
objectionable noises due to electrical interference from the ignition sys- 
tem of the engine, will result. 

The high-tension ignition wires of a gasoline engine may be considered as minia- 
ture antennas, grounded at the spark-plug end and oscillating at a frequency depend- 
ent upon their distributed inductance and capacity, practically determined by their 
length. ^The passage of the spark at the plug, excites these miniature antennas, and 
as their Tadiition efficiency is high, a considerable amount of power is radiated. Ow- 
ing to the high radiation resistance, damping in these circuits is also high and the 
energy thus radiated in highly damped trains impacts the antenna used for the radio 
receiver. Each time a spark plug fires, a. clicking noise sounds in the radio receiver. 
The resultant interference is similar to that experienced by broadcast receivers from 
600-meter spark transmitters of high decrement. In the car however, the interfering 
damped train from the ignition system has a frequency lying between 10 and 60 mega- 
cycles, in some cases higher. Also, coupling is much closer. The spark plug wirei 
could be shielded by a grounded metallic shielding, but this would materially com- 
plicate the ignition system, and is not really necessary. The oscillatory character of 
the currents in the ignition wires may be destroyed by connecting sufficient resist- 
ance in each oscillatory circuit so as to make it aperiodic. Each spark current then 
becomes a single pulse instead of a train of damped waves. In practice it is cus- 
tomary to connect a resistor of from 10.000 to 25,000 ohms directly in series with each 
spark plug lead (at the plug), to accomplish this. The introduction of resistance, even 
111 the order of several thousand ohms, in series with the very high resistance of the 
spark gap before rupture does not appreciably affect the total resistance of the cir- 
cuit and will have no effect on the spark. It will however, rapidly dissipate the 
energy fed to the circuit by the spark coil after the rupture has occurred, thus dis- 
sipating this energy as heat, rather than radiating it at radio frequencies. 

Suitable carbon-type resistors designed especially for connection to 
each spark plug are employed. A typical resistor of this type, fastened 
to the spark plug terminal, is shown at the left of Fig. 396. The installa- 
tion of the resistors on the spark plugs in an actual engine, is shown at 
the right of Fig. 395. Spark plugs of special construction, in which the 
resistance element is already included in the center of the usual porce- 
lain insulator a-re also available and are used extensively. • 

In a gasoline engine, the wires directly associated with the spark 
plugs are not the only source of radio-frequency disturbances. 
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These wires terminate at the distributor, which is in reality a rotary switch. The 
center rotor of the distributor is fed from the high-tension terminal of the spark coil. 
This “rotor” is separated from the various contacts by a definite gap, and this gap is 
important, being placed there for a particular purpose. If a plug is “fouled** because 
of carbon deposits, the resistance of the circuit in the plug can no longer be considered 
infinite, but assumes a high value, generally several megohms. The high-potential cur- 
rent induced in the coil secondary would leak thru this resistance rather than rupture 
the gap in the plug. The purpose of the distributor rotor clearance, then, is to permit 
the secondary current to build up to a fairly high potential before passage to the spark 
plug, thus in.suring a spark even though the plug be partially shorted by the resistance 
due to fouling. A resistor must therefore be inserted in series with the lead to the dis- 
tributor brush, in order to destroy such oscillation a*s may occur in this lead. A re- 
sistor for this purpose, which plugs directly into the middle terminal of the distributor 
cap, IS shown at the center of Fig. 396. 

With the elimination of the high-tension circuit interference, the major source of 
trouble is overcome. However, electrical interference may still be present, caused by 
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F'lg 396 — Left A re.sislor in series with the spark plug for suppressing the oaciilanoni in 
the spark plug circuit 

Center A resistor in series with the high tension lead of the distr.buior for the 
»«aine purpose 

Right A special heat-resisting by-pass condenser for use In Ignition interference 
suppression systems on automobile radio receiver installations 


various elements of the low-tension circuit. The primary of the ignition coil still 
causes trouble, owing to the oscillatory nature of the break at the timer points. 

The frequency of these disturbances is rather low, seldom higher than about 2,600 
cycles, but it can find its way to the audio system of the receiver via the filament cir- 
cuit. This may be overcome to a great extent by connecting a condenser of 1 to 2 
mf. capacity between the battery side of the coil, and the ground, so as to provide a 
short low-impedance by-pass path for these oscillations. It also prevents any r-f im- 
pulses which may be developed at the breaker points, from travelling back through the 
primary wiring of the car to the storage battery and to the filament circuit of the re- 
ceiver. 

Electrical disturbance from the generator is often very noticeable. A 1 or 2 
mf. condenser connected directly across its brushes, will clear up any but the most 
perverse ripples. If this is insufficient, the generator must need attention. A dirty 
commutator, badly-fitting brushes, or open bars will cause brush sparking which is 
noticeable in the radio receiver. The radio receiver thus serves as an excellent check 
on the condition and operation of the generator. 

A simplified schematic diagram of a complete automobile ignition 
system for a four-cylinder engine is shown in Fig. 397. The location of 
the various “suppressor” resistors and the generator by-pass condenser 
are indicated on the diagram. Since the generator by-pa.ss condenser 
must be able to with.stand the rather high temperature existing under the 
engine hood, it should be impregnated with a wax of high melting point. A 


AUTOMOBILE AND AIRCRAFT RECEIVERS 


786 


special metal-enclosed condenser of this type designed to withstand tem- 
peratures up to 160 degrees F. is shown at the right of Fig. 396. 

534. Aircraft radio receiver requirements: Two-way commun- 
ication between aircraft and ground stations is becoming a very import- 
ant essential to safe flying. The value of such equipment for the pur- 
pose of obtaining reliable weather reports, landing field condition re- 
ports, radio beacon signals, and for emergency work, cannot be too strong- 
ly realized. The requirements of radio equipment to be used on aircraft 
are rather severe. 
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The dominating requirements are, of course, light weight and small size. Not 
only must the set be small and light, but the accessories, such as batteries, must be 
compact and light, too. The airplane receiving set must be made so that it can be 
placed anywhere on the “ship,” in some 
cases with remote controls to operate it. It 
also must have great sensitivity variation 
because it is changed in location so rapidly, 
riom nearness to the sending station to a 
distance from it. In open-cockpit planes, 
the tuning controls must be such as to 
permit operation with heavy gloves on, at 
times. A locking device is frequently nec- 
essary to prevent “creeping of tuning”, due 
to vibration of the plane, especially for 
beacon work. The apparatus must be able 
to withstand the unusual climate, humidity, 
and temr%ratm'e changes encountered dur- 
ing any kind of flight, and must stand up 
under the continuous vibration caused by 
the engines. 

« 535. Engine ignition interfer- 
ence: A.s aircraft engines use igni- 
tion systems with spark plugs, such 
a. are employed in automobiles, the 
receiver itself must be thoroughly 
shielded and proper steps must be 
taken to eliminate the radiation of 
radio-frequency fields from the igni- 
tion wiring and the magnetos which are commonly used as the source of 
e.m.f. for the ignition system. Since very sensitive receivers are gener- 
ally used in aircraft, it has been found necessary in most cases, to em- 
ploy elaborate shielding harnesses for both the spark plugs and the high- 
tension wiring, and to bond all the bracing wires and cables in the ship, 
in order to prevent discharges of static electricity generated by metal 
parts rubbing on other surfaces. All wires in the ship are either shielded 
with copper braid or else run in conduit. The latter method is preferable, 
where possible. When the ship is equipped with a high-frequency trans- 
mitter, all wiring is generally completely enclosed in grounded shielding, 
to prevent it from absorbing the radiated energy from the transmitter. 
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Fig 397 — Simple schematic diagram of the 
main parts of an automobile ig- 
nition system showing how the 
spark plug and distributor "sup- 
pressor * resistors, and the genera- 
tor 1-infd by-pass condenser are 
connected to eliminate interfer- 
ence in the radio receiver 


536. Shielding the ignition system: The shielding of the entire 
f’lagneto is a relatively simple matter. A typical .shield for this purpose is 
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shown in Fig. 398*. It consists of two aluminum sheets bolted to the 
magneto, and a band of spring bronze which covers the gap between the 
plates. A removable block with the wire outlet tube, fits in front. All of 
the ignition wiring is also shielded, a complete harness being made up 
for this purpose, as shown in Fig. 399. 

Ordinary braided shielding alone over the wires is not effective, because when oil 
soaks into the braid, it insulates each strand from its neighbor enough to impair the 


Fig 398 — Magneto shield 
tlo vflopnl for confining 
the r-f radiations set up by 
tin* magncio.s on aircraft 
engines At the left, the 
shield IS in j»lace on the 
inagnetf) At the right, it 
IS removed and opened. 
The high-tension ignition 
wires are led out through 
the metal tube shown at the 
bottom. 


Courtesy Mr. R. H. Freeman and A.eronautical Eng. Magaexne 

effectiveness of the shielding. The shielding harness consists of two maiiv tubular 
aluminum rings in which the wiring is placed. One ring carries the Vire's for the 
front spark plugs, and the other one placed at the rear of the motor carries the wires 
for the rear plugs. Branching off from these rings are flexible oil-proof shielded 
leads running to the spark plugs, and large flexible tubing to the magnetos. The.in- 


Fig. 399 — Complete "har- 
ness" for shielding the ig- 
nition wires running to the 
front spark plugs of an air- 
craft engine. All of the wires 
run inside of it. A simi- 
lar harness is at the rear 
of the. engine for ihe wir- 
ing to the rear spark plugs. 
Notice the short flexible 
leads from the tubular ring 
to the individual spark 
plugs. 


<,ourte«y Mr H //. Frrrman and Aeronautical Eng. Magazine 

•From an article on Commercial Aircraft Radiophone Comnninic.-uion by Robert Freeman, 
in Vol. 3, No. 2 Issue of Aeronautical Engineering Magazine. 
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Bulated ignition wires run inside of the shielding. A typical complete harness mounted 
on a radial aircraft engine is shown in Fig. 399. Each spark plug is shielded by a 
metal shield cap with prongs which fit down over the plug sleeves and clamp into 
the groove at the base of the nut by spring action. At the top of the cap there is a 
gooseneck which reverses the direction of the wire in rather a short arc and leads it 
back toward the direction of the harness. Inside the cap there is placed an insulating 
sleeve which fits down over the center electrode of- the plug, inside of the nut sleeving. 
This forms a long path for the electrical energy to jump across or leak through. A small 
spring and screw in the top of the insulator, connect the top of the plug to the wire 
entering the cap. The shielded spark plug, gooseneck and insulator of this type are 


Fig 400 — From left to right 
a If shown the gooseneck 
and metal shield cap, shield- 
ed spaik plug, spring, and 
special hollow insulating 
slff\e which are used in 
the shiehhng arrangement 
of Fig 399. 



Courtesy Mr. R. H. Freeman and Aeronautical Eny. Magaxina 

shown in Fig. 400. In this way a complete covering of metal for the ignition system 
is provided, which suppresses the interference to a point where it is not audible in 
the receivers. 

537. The antenna system: The trailing-wire type of antenna, 
which has been used until very recently for both the dirigible type of air- 
ship a'hd the heavier-than-air type of craft, has several distinct advan- 
tages as well as disadvantages. Its use is confined largely to the lower 

frequencies, and it is comparatively satisfactory around 300 kc. 

* 

It is possible with this type of antenna to communicate over comparatively long 
distances with a minimum of power. However, it is necessary to reel it out when 



Fig. *4^1 — Arrangement of radio transmitting and receiving equipment on a large passenger 
plane The receiving antenna "A” comprises a length of wire supported on, a 
streamlined strut: **B” is the radio receiving set: *'C’' is the dynamotor and bat- 
tery, "D” IS the remote tuning contiol dials at the pilot's seat, *‘E” is the remote 
volume control, and ’F" indicates tlie headphones 

communication is desired and to reel it in when communication is finished. The main- 
tenance cost of this type is large, and the hazards encountered when flying at low 
altitude make it undesirable. It is also impossible to use it when a forced landing 
must be made. Its air resistance increases the drag on the ship and materially re- 
duces its speed. It is impractical for military use, as a plane cannot be stunted with 
it. A short vertical “rod*' or “strut" antenna is commonly used instead. This consists 
of a streamlined duraluminum vertical antenna rod A about 6 feet in height, mounted 
verticaljy on top of the fuselage, away from the direct radiation field of the ignition 
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wiring as shown in Fig. 401. In those cases where radiation is required for trans- 
mission, two wires may be run from the front-wing spar on either side to the top 
of the mast and then back to the vertical tail An. With this antenna, transmission can 
also be carried on while the plane is on the ground. The engine frame and the bonded 
bracing wires in the wings and fuselage act as the counterpoise ground. 

538. Radio equipment: The type of transmitter used in aircraft 
depends upon many factors. The transmitters are built compactly, and 
of lierht weight. 

A range of at least 100 miles of consistent communication is accep- 
table for commercial aircraft flying along standard airways, since stations 
are located every 200 miles, and beacon marker stations with auxiliary 



Courtesy AUsn D. CardwsU Mfy Co 


Fits, 402^Left US Signal Luips aiiciafi code aniJ phone tran8miu4 / 

Right U S Navy aircraft roceivei 

equipment every 100 miles. A combined cw and radiophone transmitter 
seems to be the desirable thing, because few pilots have the time or patience 
to learn the code sufficiently for expert operation of a straight cw trans- 
mitter. Special microphones designed to eliminate outside noises are 
employed. These fasten to the helmet of the pilot, together with the 
light-weight earphones built into the helmet. 

The matter of filament and plate power supply for ladio transmitters and receivers 
seems to be very much an open question. Batteries aie heavy and a sufficient number 
cannot be carried for transmission purposes. A dynamotor, which is in reality a motor- 
generator, is very inefficient because the current that is u.sed must first be supplied 
at low voltage by a storage battery and translated from electrical to mechanical en- 
ergy and back again at a higher voltage in the dynamotor. There is an extra loss of 
efficiency in going through the dynamotor which can and does add both weight and 
power to the equipment that is needed. A wind-driven generator cannot be used, be; 
cause its driving propeller becomes unbalanced with a coating of ice m winter often 
tearing the generator loose from its mounting. The double-voltage generator 
which converts mechanical energy directly into the two voltages needed for filament 
and plate supply seems to be the proper answer. A clutch and a third winding on 
the armature will permit its being used as a dynamotor on forced landings for power 
supply when the motor is dead. It may then be operated from a small emergency 
battery. It is true that there are still some mechanical difficulties with the double- 
voltage generator, but it is felt that these can be eliminated. It is the lightest com- 
bination available that will provide the necessary power for the radio transmitter. 
A special volt&ge regulator which is provided, keeps the output constant. 

A typical aircraft tran.smitter for both code or radiophone trans- 
mission is shown at the left of Fig. 402. Thi.s is used by the U. S. Signal 
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Corps. A form of aircraft receiver used by the U. S. Navy is shown at 
the right. In large passenger and mail planes, the transmitter and re- 
ceiver are installed usually in the tail end of the fuselage or in a com- 
partment directly behind the main passenger compartment. Flexible 
shafts connect the tuning condenser shafts of the receivers with remote 
control dials in the pilot’s cockpit. The arrangement of the remote tuning 
and volume controls at the left side of the open cockpit on a mail plane 
are shown in Fig. 403. 

539. Radio beacons: The radio beacon for guiding aircraft, has 
been perfected so that it is as practical and perfect as the ordinary mag- 



Courtesy Mr. R B Freeman and Aeronautical Eng. Mngaaine 

Fig 403 — Remote tuning and volume controls for the radio equipment on a 
• These are mounted at the left side of the cockpit within easy reach of the pi oi. 

Notice ihe lever-type controls lo permit of easy handling by the pilot even thougn 
he may be wearing thick, heavy gloves 

netic compass. The loop or coil form of antenna has the peculiar property 
of directional reception and transmission which makes it invaluable in 
radio beacon work. 

In directions toward which it points, reception is good. At right angles to its 
plane, reception is practically zero. When a loop antenna is used for transmitting, a 
similar effect is noticed. The radio range beacons in service in American airways rely 
upon this principle. However, two loop-type transmitting aerials are used at the air- 
port, at right angles, or at different angles with each other in accordance with the 
nature of the course. A remarkably ingenious system is used to enable the pilot lo 
maintain his direction. One loop aerial is continuously sending out a certain radio 
code signal by a mechanical device, say a dash and a dot, and because of the char- 
acteristics of the loop aerial, this particular combination goes out in the general direc- 
tion of North and South or East and West, as the special position of the course re- 
quires. The other loop aerial is sending out another conyilimentary combination of 
dots and dashes which exactly fit in between those of the first aerial. The plane has 
a separate receiving loop antenna mounted on the end of each wing. Therefore, when 
the plane is headed directly along its proper course toward the transni^tting station, 
its receiving loops receive an equal amount of energy from each of the transmitter 
loops. Since the signals transmitted by the two transmitter loops are complimentary, 
the fact that they are received with equal loudness causes them to fit in^ with one 
another so that the pilot is unable to distinguish either the dot-dash combination or 
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the dash-dot combination, and instead, he hears only a continuous dash or sound, as 
long as his plane is headed properly along the course. 

This condition of equal loudness occurs only along a very restricted path pointing 
straight toward the beacon, so narrow in fact, that at a distance of 100 miles, the path 
over which the two signals blend perfectly is only 6 miles wide. As the pilot Hies 
toward the beacon he is able to correct his course constantly, for if the plane gets 
oft to one side, his radio set picks up the signals from that side with greater volume 
than from the other side and he instantly knows which way to turn. As he gets nearer 
to the beacon, the course narrows greatly, guiding him directly to the airport. 

The radio beacons use frequencies in the band from 285 to 360 kilocycles (corres- 
ponding to about 857 to 1,052 meters). Originally, different groups of dots and dashes 
were used, but it was found that the pilots got better results with the N and A (dash- 
dot and dot-dash) combinations. To identify which station is being received aboard the 
plane, a number of combinations forming a single group (with a pause between 
each group) is employed. In addition, every 15 minutes the station switches over to 
a microphone and an announcer gives the call letters and name of the station, and also 
weather and wind conditions and forecasts. 

REVIEW QUESTIONS 

1. How do the operating conditions for radio receivers operated in 
automobiles differ from those in home receivers? 

2. Explain the requirements as regards sensitivity, size, weight, 
battery current consumption, etc., which a satisfactory automo- 
bile radio receiver must meet. 

8. Explain how it is possible to operate a radio receiver in ^ auto- 
mobile in which no connection is made to the earth, since the 
rubber tires on the automobile insulate the chassis from the 
earth. 

4. Describe two forms of antenna installations in automobiles. 

5. Explain how the high-tension circuits in the ignition system of 
a gasoline engine, create interfering electric disturbances which 
radiate from it. How may these disturbances be reduced ef- 
fectively in. automobile radio installations? 

6. Explain how the low-tension circuits in the ignition system 
create interference, and how this may be prevented. 

7. Explain how the battery-charging generator on the car may cause 
interference and how this may be prevented. 

8. Why is it desirable to run all battery wiring in an auto-radio 
receiver installation in metal conduit grounded to the frame 
of the car? 

9. Why is the signal pick-up of the average antenna installed in 
an automobile very small? Of what importance is this? 

10. If the filament-current drain of the receiver were causing the 
storage battery to operate in a discharged condition most of the 
time, would increasing the charging rate of the generator help 
any? Explain! 

11. ^ixplain the advantages obtained by using, (a) separate-heater 
type tubes; (b) screen-grid amplifier type tubes; and (c) power 
pentode output tubes,, in automobile radio receivers. 
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12. How is the electrical interference from the ignition system of 
aircraft engines effectively suppressed, to permit satisfactory 
operation of extremely sensitive radio receivers? Why are 
these extreme precautionary measures not usually necessary 
in automobile radio installations? 

13. Describe the elements and operation of the radio-beacon system 
used for guiding the flight of aircraft. 

14. Why must aircraft receivers and transmitters be designed 
ruggedly, and of lighter weight and greater dependability than 
similar equipment used on the ground? 

16. How is it possible to receive radio signals in an airplane, when 
the earth may be several thousand feet below it, and no "ground” 
connection to the earth is possible? 



Chapter 30 


PHONOGRAPH PICKUPS AND SOUND AMPLIFIER SYSTEMS 

PHONOGRAPH RECORDS — THE ELECTRICAL PHONOGRAPH PICKUP SYSTEM - 
THE ELECTRICAL PHONO-PICKUP UNIT — THE OIL DAMPED PICKUP — VOL- 
UME CONTROL — SCRATCH FILTER — CONNECTION TO RADIO RECEIVER — 
HIGH IMPEDANCE AND LOW IMPEDANCE PICKUPS — SOUND AMPLIFIER SYS- 
TEMS — THE AMPLIFIER — MICROPHONES — MIXING PANEL — THE LOUD 
SPEAKERS — HOME RECORDING — REVIEW QUESTIONS. 

540. Phonograph records: The popular phonograph record of 
today is made by recording sound vibrations on a circular disc of suitable 
material. The disc contain.s a continuous spiral groove in which the 
needle of the reproducer unit runs while the record revolves. In records 
for home use, the reproducer is started at the outside edge and runs toward 
the inside of the disc. In records used in sound picture work, the re- 
producer starts at the inside and moves toward the outside ^dge*" of the 
disc. The spiral groove contains little waves or ripples all along it, whose 
wave-form corresponds to the wave-form of the sound recorded. In the 
laterally-cut type record which is used almost entirely nowadays, the spiral 
groove is of practically constant depth and cross-section, having a spac- 
ing between adjacent turns or spirals of the groove, of about 1/100 of an 
inch. However, the groove has little horizontal wiggles or waves in it, 
whose wave-form corresponds to that of the original sound, and whose fre- 
quency at any instant (provided the record is rotated at the proper speed) 
corresponds to the frequency of the sound. If we were to look at the 
grooves of a phonograph record under a powerful magnifying glass, they 
would appear somewhat as shown at the left of Fig. 404. Notice that the 
grooves are ail of constant width. For a high-frequency note recording, 
the groove has many short wiggles following each other closely. For a low- 
frequency note recording, the wiggles are long and not so frequent. The 
student is urged to inspect with an ordinary reading glass or other mag- 
nifying glass, the grooves in a phonograph record containing low-frequen- 
cy recordings. It is evident that any device which is placed in, and made 
to follow, the groove while the record is revolved at the proper speed, will 
be forced to vibrate back and forth sideways, as it follows the waves or 
wiggles in the groove. The amplitude of its vibration will correspond to 
the amplitude of the wiggles, and the frequency of its vibration will cor- 
respond to the number of the wiggles (in the groove) , which come past the 
device every second. Of course, this depends on the speed at which the disc 
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is rotated, so that if the sounds are to be reproduced at their proper fre- 
quency, the record must be rotated at the proper speed. The usual phono- 
graph disc record is designed to be revolved at 78 revolutions per minute. 
The 12-inch record plays for four minutes, while the 10-inch record plays 
but 2>/^ minutes. The 16 inch records used in sound picture work, in 
sound amplifier systems, and for broadcasting purposes (electrical tran- 
scriptions) revolve at 33 ‘/j r.p.m. and play for about 14 minutes. 

Experiment: Play a phonograph record at its proper speed. Now slow up the 
disc gradually by pressing your hand against the turntable. Notice that the tone 
becomes lower and lower, since the wiggles in the groove are not going past the needle 
in the reproducer as fast as they should, and therefore the needle is not vibrated as 
fast is it should be. Now place a small strip of paper under the record so its end 
projects out and is visible. Set the record in motion, and count the number of revolu- 



Fik 4(h — Left How the wiggles in the grooves of a portion of a phonograph record appeal 
when observed under a magnifying class The needle-point running in the groove, 
\ vitnitttes from side to side due to these wiggles A high-frequency recording con- 
sists of short wiggles close together In a low-frequency, recording the wiggles 
are long and far apart, as .shown 

Right A side view of a typical induction type a-c elctnc spring mounted phono- 
graph motor and the turntable 

tions it makes in one minute, by noticing the seconds hand on a watch. The regula- 
tion on the motor may be adjusted until the disc rotates at the proper speed in ac- 
cordance with the figures given above. Now place the end of your thumb-nail, or the 
corner of a piece of thin stiff paper, in the groove while the disc rotates. Notice 
that the music is reproduced faintly by the vibrations of the nail or paper caused by 
the wiggles in the groove. 

Phonograph records may be rotated either by the old-fashioned 
mechanical spring-type motor, or by the more modern electric motor drive 
which does not need to be re-wound after playing a record. A spring- 
mounted motor of this type with the turntable, is shown at the right of 
Fig. 404. Units of this type usually consist of an induction type a-c elec- 
tric motor and a turntable, equipped with an automatic trip-stop and hav- 
ing a brake and switch arranged for either manual or automatic opera- 
tion. The motor is provided with a simple speed regulation adjustment. 
Induction type motors are employed almost exclusively, since they have no 
brushes or commutator, and therefore do not cause electrical disturbances 
which might affect the radio receiver 

541. The electrical phonograph pickup system: In the old mech- 
anical type of phonograph, the reproducer head was arranged so that the 
sharp point of" the needle, following the wiggles in the spiral grooves of 
the record, transmitted its vibrations to a flat diaphragm which produced 
corresponding vibrations (sound waves) of the air in the “sound box”. 
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In the usual form of electrical phonograph pickup unit as shown at the right of 
Fig. 405, the vibrations of the needle are made to generate an e.m.f., whose value 
varies in exact accordance with the amplitude and frequency of the wiggles of the 
groove which go past the needle point. This induced e.m.f. is fed to the input term- 
inals of an audio-frequency amplifier. This amplifies the audio-frequency variations 
of this e.m.f. until they are of sufficient strength to operate one or more loud speakers. 
In this way, the sound may be amplified to almost any intensity desired, and splendid 
reproduction is possible. The audio amplifier and loud speaker employed, may be a 
separate amplifier and speaker as shown at the left of Fig. 405, or the ordinary a-f 
amplifier and speaker which are already present in the home radio receiver. In the 
latter case, suitable provision is made, either by a switching arrangement or an adapter 
plugging into the detector tube socket, for connecting the a-f amplifier either to the 
phono-pickup unit or to the r-f amplifier and detector for either phonograph or radio 
reproduction. Most modern radio receivers are provided with suitable terminals for 
connecting the phono-pickup unit to the audio amplifier. 

542. The electrical phono-pickup unit: A phonograph pickup 
unit may be defined as an electromechanical device actuated by the phono- 



Fig 405 — Left Elerli ic phonogr.'iph -reproducing s>sletn The variations in the e m.f. 

geiieralefl in the puk-up are amplified by the a-f amplifier, and reproduced as 
sound wa\es by the loud speaker 

Eight A lyiiK-al magnetic type of phonograph pick-up unit with the needle In 
place in the groove of the record The arm and head are counterbalanced by tlj^ 
weight at the right 


graph record and delivering power to an electrical system, the wave-form 
of the voltage or power delivered to the electrical system cor- 
responding to the wave-form existing in the grooves of the phonograph 
record. Phono-pickups operating on several different principles have 
been developed. Among these are the condenser type, the carbon resist- 
ance type, and the magnetic type. The latter is used almost exclusively, 
on account of its commercial practicability due to its high voltage output, 
comparative freedom from extraneous noises and simple mechanical con- 
struction, and the fact that its frequency-respon.se characteristics may 
easily be modified to compensate for those of the record or amplifier sys- 
tems so as to produce a satisfactory overall response. The magnetic 
pickups are of two types: rubber-damped and oil-damped. 

The construction and operation of the simple reed-type rubber-damped magnetic 
pickup may be seen f*om Fig. 406. As shown at (B) and (C), a strong magnetic 
field is provided by a small permanent horseshoe magnet, having pole pieces of suit- 
able shape fastened to it. Fitting between these pole pieces is a small coil containing 
several thousand turns of very fine enameled copper wire. Attached to the needle 
which runs in the record groove, is a small iron reed or armature which is pivoted, 
and placed wifhin the hollow center of the coil between the pole-pieces, as shown. The 
pickup is placed over the phonograph record, in such a direction that the wiggles in 
the record groove cause the needle point to vibrate rapidly from side to side as shown 
by the dotted line positions at (A). On account of its large inertia, the pickup head 


PHONOGRAPH PICKUPS & SOUND AMPLIFIER SYSTEMS 796 


itself does not vibrate. The amplitude and frequency of the movements of the needle 
point, depends on the amplitude and frequency of the wiggles in the groove. 

Just how this motion causes an e.m.f. to be induced in the coil may be seen from 
Fig. 407. Here the gap between the pole pieces has been drawn exaggerated, and the 
rubber damping blocks are not shown. The iron armature serves as a good magnetic 
path for the lines of force to travel through between the pole pieces. Remember that it 
is placed inside of the coil of wire, so any lines of force through the armature are 



Fig 406 — The arrangement of the various parts in a typical magnetic type phonograph pick- 
up with rubber damping. (A), Various positions which the needle and armature 
• lake during the playing of a record (B). The parts of a phono-pickup unit sep- 

arated (C), The parts all assembled together. 

really threading through the coil. When the armature is in the extreme position 
shown at (A), some of the lines of force of the permanent magnet are diverted from 
their normal path straight across the gap, and go from pole piece No. 1, down through 
the armature to pole-piece 4 and around through the magnet. They take this path 
because th^ iron armature presents a better magnetic path than the air gap across 
from 1 to 2. If the armature now returns to its vertical position as shown at (B), 
the air gap from 1 to A is increased. Therefore the field through the armature down 
to 4 weakens, and a greater part of the field goes directly across to 2. The main 
*^int to remember is that movement of the armature from the position at (A) to that 
at (B) has weakened the field through it, i.e., has changed the number of lines of force 
threading through the center of the coil. Therefore according to the laws of electro- 
magnetic induction, an e.m.f. is induced in the coil. When the armature moves to 



Fig 407 — The movement of the needle and iron reed or "armature” in the phonograph Pick- 
up unit, varies the magnetic flux through the coil and so induces an e.m.f in It. 
The path of the magnetic lines of force is shown here for three positions of the 
needle and armature 

the extreme position at (C) the lines of force through it actually reverse in direc- 
tion, now going up through it from the N pole piece No. 3 to the S pole piece No. 2 
as shown. This causes another change in the flux, and since the flux through the coil 
is now in the reverse direction, the e,m.f. induced by it is also reversed. Consequently 
a complete vibration of the armature, such as might be caused by say a sine-wave 
wiggle in the record groove, would cause an e.m.f. of the same sine-wav# form and fre- 
quency to be induced in the coil. When the record is being played, the armature it 
vibrating back and forth rapidly as shown at (A) of Fig. 406, and the induced e.m.f. 
is varying likewise. The two terminals of the coil are led out to the input terminals^ 
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of the audio amplifier which amplifies the a-f voltage variations. The output voltage 
of the coil differs in pick-ups of different manufacture, being anywhere from a half 
volt to over 6 volts. The types delivering the higher voltages are especially suitable 
for operation with the single-stage audio amplifiers being employed in modern electric 
receivers, the single audio stage amplifying the output of the phonograph-pickup suf- 
ficiently to bring it up to good loudspeaker volume. 

In most pickup units the weight of the pickup head, which contains the some- 
what heavy permanent magnet, pole pieces, and the coil and armature, is partly 
counterbalanced by a weight at the other end of the arm (on the far side of the arm 
swivel), so the needle does not press down too heavily on the record and cause excessive 
wear of both the record and the needle. The. vertical unit pressure between the needle 
point and the record is astoundingly great, due to the fact that the weight rests on the 
very small area of the needle point. Assuming the diameter of the needle point bearing 
surface to be .003 inch, and the needle pressure 5 oz., the resulting vertical unit press- 
ure is roughly 44,000 lbs. per square inch. The counterbalancing weight may be seen 
at the right end of the pickup in Fig. 406. It is not desirable to completely counter- 
balance the weight of the pickup head and arm, for some weight must act on the 
needle in order to keep it from jumping out of the groove when loud low-frequency 
notes are played. As a consequence, records must be made of hard material, and they 
must be abrasive enough to grind the needle down a bit during the first few revofu- 
tions, in order to reduce the unit pressure at the needle point. 
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Fla 409 — Left Interior view of rubber-damped magnetic pick-up unit with cover removed 
The hor.se.*^hoe magnet, pole piece.s, armature, and coil are plainly visible 
Right Cro.ss-.vect lonal view of a typical oil-damped pick up, showing the relative 
arrangement of the parts 

The frequency characteristics of a pickup are almost wholly dependent on the 
character of the reed or armature, which makes up, with the needle, its simple vibrating 
system. A reed set in motion manifests a certain resonance frequency. In the best 
modern pickups, this resonance point usually lies between frequencies of 3000 and 4000 
or over. In order to prevent an excessive response at these frequencies, it is necessary 
to damp the system. This is usually accomplished by means of rubber buffers applied 
to the free end of the armature. These buffers serve also to center the armature in 
the magnetic air-gap.^ 

543. The oil-damped pickup: The oil-damped pickup, a cross- 
section view, of which is shown at the right of Fig. 409, possesses fre- 
quency-response characteristics which are superior to those of the com- 
mon rubber-damped type just described, and is used extensively in sound- 
picture reproduction, and in high grade sound amplifier systems. 
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As shown at the right of Fig. 409, a horseshoe field magnet (shown in side view) 
is arranged with an outer shoe and an armature magnet yoke with two windings on 
its leg. If the former is a S pole, the latter is a N pole as shown. Mounted near the 
poles is a thin steel armature fastened to the needle and pivoted at the center. Move- 
ment of the needle point causes torsional movement of this armature, thus varying 
the air-gap between it and the N poles, and consequently varying the magnetic flux 
threading through the armature magnet yoke and the coils. This induces a varying 
voltage in the coils. The case is nearly filled with oil which acts as the damper against 
the armature, and so damps the motion. Since the construction of this form of pickup 
is more complicated than that of the rubber-damped type, it is more expensive. 

544. Volume control: The output voltage at the terminals of the 
pickup can be controlled smoothly by means of a potentiometer of about 
50,000 ohms resistance connected across it. The two ends of the full re- 
sistance are connected across the pick-up coil. The output terminals con- 
nect between the arm and one end of the potentiometer, as shown at (B). 
(C), and (D) of Fig. 410. In this way, any fraction of the total voltage 
generated in the coil may be made available at the terminals of the pick- 
up and applied to the input terminals of the audio amplifier. Most pick- 
ups are constructed with the volume control potentiometer built into the 
base. 

• S4S. Scratch filter: Due to the fact that the sides of the wavy 
grooves in a phonograph record are not cut absolutely clean and smooth, 
little microscopic rough edges are pre.sent. These affect the motion of the 
needle as they go past it, and are responsible for the generation of audio- 
frequency ^voltages of around 4,500 cycles. These are reproduced by the 
loud-speaker as “scratchy"’ sounds. This is commonly called “needle 
scratch”. These voltages can be effectively by-passed by means of a series 
jyave trap tuned to about this frequency, and connected directly across the 
pickup coil. An inductance of about 200 millihenries connected in series 
with a fixed condenser of .004 to .006 mfd. will be in resonance at the 
.scratch frequency and will effectively suppress it. This forms a scratch 
filter. 

Most of the better pickups are .so designed as to eliminate most of 
the scratch. Others have a suitable scratch filter built into them. Scratchy 
sounds coming directly from the record and needle, due to the rubbing or 
scraping effect of the needle on the record, will be found to come direct 
from the phonograph cabinet, and can be stopped by clasing the cover each 
time the phonograph is played. While the electrical method of playing 
phonograph records will work with the older form of records, the repro- 
duction is not as good as when the new Orthophonic type (electrically cut) 
records are used. In former years, records were made mechanically by 
a machine which had ruany defects, and their frequency-range was very 
limitetl. Thus, many of the musical instruments in an orchestra were 
never heard at all. because they were not recorded on the record. Now 
the records are cut by an electrical recorder which has a wider frequency- 
range, and produces records which are far superior, both jn accuracy 
in cutting of the groove, and wider frequency-response limits. Practically 
the entire useful frequency-range of musical instruments is recorded, and 
all of the instruments in the orche.stra are heard (see Art. 9). 





Fig 410 — Various circuit arrangements which may be employed for feeding the output voltage 
of a phonograph pickup to the audio amplifier of a radio receiver for amplification 

double-throw switch, which may be mounted on the front panel of the receiver or on 
the tuning dial, enables the top terminal of the transformer to be connected either to 
the plate of the detector tube in the receiver for radio reception, or to the phonograph 
oickup for phonograph music. At (C), the pickup is connected to the input of the 
detector tube by the switch as shown. As the grid leak and condenser are put out 
of the circuit, the detector tube acts as an amplifier when the pickup is connected 
in. Thus the additional amplification of the detector tube is made use of in this con- 
nection. This method of connection is ured extensively in receivers which employ only 
one stage of audio amplification, since the additional amplification of the detector tube 
(which now operates as an amplifier) helps to increase the volume. When it is applied 
in the circuit of a grid-bias detector tube, a slightly different arrangement must be 
employed. The pickup may be switched in series with the by-pass condenser which 
is normally across the detector grid-bias resistor. This puts the pickup and the by- 
pass condenser in series, and the combination is across the grid bias resistor. The 
varying voltage output of the pickup is therefore impressed across the resistor and 
so causes the grid potential of the tube to vary correspondingly. At the same time, a 
suitable resistor must be introduced across the detector grid-bias resistor, so as to 
reduce the ^id bias voltage and cause the tube to operate on the “straight” portion 
of its characteristic curve instead of over the lower “bend” (detector condition). 

Some pickup- units are provided with an adapter for plugging into 
the detector tube socket. This adapter has the P and F pins connected 
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to the pickup, and when it is plugged into the detector tube socket, the 
pickup becomes connected to the input of the audio amplifier as shown 
at (D) . For a-c electric receivers, the pickup connects between the ‘‘plate” 
(P) and “cathode” (C) terminals. 

546. High-impedance and low-impedance pickups: When the 

connecting wires from the phonograph pickup unit to the amplifier are 
fairly short, the pickup is usually made of the high-impedance type. In this 
type, the coil contains several thousand turns of wire, and the pickup may 
have a d-c resistance of about 2,000 ohms, and an impedance something 
like 20,000 ohms at 5,000 cycles. A pickup of this kind delivers a rather 
high output voltage, (1 to 5 volts or more), and since its impedance is 
fairly high, it may be connected directly to the grid circuit of an amplifier 
tube without any impedance-matching transformer in between. This is 
known as the ** high-impedance** type of pickup. 

Where the pickup is located some distance from the amplifier or is to be con- 
nected to it by long wiring, the distributed capacity of the leads may be appreciable, 
and acts as a by-pass condenser across the pickup coil. The effect is the same as if 
a condenser is deliberately connected across the pickup. The higher-frequency audio 
voltages are materially by-passed, and the high-note reproduction suffers. This trouble 
may be overcome by constructing the pickup with a low-impedance coil, having fewer 
turns. Although this does not eliminate the self -capacity of the long extension wires, 
it removes the undesirable effect of it, since the proportion of the impedance of this 
shunting capacity to that of the pickup coil is now greater, and so proportionately less 
shunting results. Since the low-impedance pickups have less turns of wire on their 
coils, their voltage output is much less than from the high-impedance type. 

Where long leads are used, it may also be desirable to employ a low impedance 
pickup, to avoid feed-back and the picking up of line noises. It is standard practice 
in theater and public address system to use either 200 ohm or 500 ohm lines, the latter 
•being more common. When a low-impedance pickup is to be connected to the am- 
plifier by such a line, for proper energy transfer, its impedance must be matched to 
that of the line by a suitable impedance-adjusting transformer. For instance, a low- 
impedance pickup wound to 100 ohms should be connected to a 600 ohm line through 
. an impedance-adjusting transformer having an impedance-ratio of 100 ohms prim- 
ary to 500 ohms secondary. The turns-ratio of such a transformer is equal to the 
square root of the impedance-ratio required (see Art. 445). 

Since the net result of connecting a low-impedance pickup to the grid 
circuit of the first tube in the amplifier, through a proper impedance- 
matching transformer, is that a voltage step-up is obtained in the trans- 
former, the disadvantage of the low output voltage is partly overcome. 

547. Sound amplifier systems: Sound amplifier systems are used 
primarily for the amplification and reproduction on a large scale, of pro- 
grams picked up, (1) directly from microphones, (2) by radio, or (3) 
from phonograph or film records ; and many installations provide for all 
three. Sound amplifier systems do not amplify sound waves directly. 
They amplify the varying audio signal voltages applied to them, which are 
converted into sound waves by the loud speakers. The system may be de- 
signed to reproduce the sound in a single place, such as a large auditorium, 
an athletic or aviation field, a stadium, etc., or it may be used to supply 
the sound program to many individual places, such as th’e individual 
rooms in a large hotel, apartment house, etc. While it is obviously im- 
possible in a book of this character, to present a detailed study of all the 
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various types and arrangements of commercial sound amplifier systems 
which may be employed, some idea of the typical apparatus which is used 
in this work will be considered here. Since an ordinary radio tuner and 


Fig 411 — A lypic'al 2-suige direct-coupled 

audio aniplifler with an output ra- 
pacity of 10 watts and a 60 DB gam 
Its rirruit arrangement is shown in 
Fig 412 


Courtf^y EUctrad Inc 

detector system must also be used if radio programs are also to be re- 
ceived. the sound amplifier apparatus proper consists of audio amplifier 
equipment capable of high amplification and large power output, proper 
loud speaker equipment, and proper input, output and control circuits. 



UJ' - ?5 0 



Fig. 412 — The Circuit diagram of the amplifier shown in Fig 411. A '24 type screen grid 
stage IS diret t«i oupled to a '00 type push-pull stage, (see Art 440). 


548. The amplifier: The audio amplifiers used in sound ampli- 
fier systems range from small, 2-stage audio amplifiers employing power 
output tubes of medium power handling capacity, to large 3 or 4-stage 
amplifiers constructed in switchboard fashion on racks and panels and 
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capable of handling outputs of several hundred watts. The power out- 
put capacity of the amplifier employed, depends upon the number and 
the power input requirements of the loud speakers used, which in turn 




Courtesy Electrad Inc. 


Fig 413 — Left Front view of a 4-channeI amplifier c.ipable of outputting lf»3 watts of un- 
distorted power to each channel Provision is made for either automatic playing 
of phonograph records by the automatic letord changer at the front, for radio 
reception, and for microphone pickup of speech or music 

Right- A rear view of this amplifier, showing the four separate amplifier units— one 
ffir each ihanru-l 

depends upon the area to be served by the system if it is used for outdoor 
work, or the cubical contents of th( room or auditorium if it is to be 
used for indoor work. Since practically every installation presents dif- 
ferent requirements in this respect, no definite figures can be given here. 
Specifications Tor the sound amplifier equipment required for any par- 
ticular installation should always be obtained from the manufacturer of 
the equipment to be used, in order to assure satisfactory results. 
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For auditoriums of medium size, or outdoor work over a limited 
area, two-stage amplifiers of the typical form shown in Fig. 411 are 
common. This is a two-stage direct-coupled amplifier of the Loftin-White 
type, (see Art. 440). 

The circuit diagram is shown in Fig. 412. It will be seen that two stages of 
amplification are employed, a *24 type screen grid tube in the first stage feeding to two 
'60 type tubes in push pull. Two half-wave rectifier tubes connected in a full-wave 
rectifier circuit are employed. A tone control is included at the input. This particu- 
lar amplifier produces a gain of 60DB, and with an input voltage of 0.3 volts produces 
its maximum undistortcd output of apparently 10 watts. This particular amplifier 
can be used with either a phonograph pickup, microphone, or radio tuner connected 
to its input through a suitable transformer and switching arrangement. 

A typical rack~and-panel type amplifier unit designed to supply four 
different programs at one time by means of four separate output circuits 



skatinp nnks, halls, hotels, etc 

Rif^ht A 50-wait arnplifUr fc>r a large sound amplifier system Note the rack- 
and-panel construction 


or channels is shown in Fig. 413. This can be used for high-power repro- 
duction of radio programs, phonograph music or microphone pickup of 
music and voice. In rack-and-panel construction, the amplifier system is 
divided into interchangeable units mounted on separate metal panels 
which are fastened to a sturdy channel-iron frame. This saves floor space 
since the panels are mounted vertically, results in a rigid construction, and 
offers great flexibility because amplifier systems of any desired arrange- 
ment and power can be built up from standard amplifier and control 
units and may be added to at any time. The view showing the automatic 
record changer and phonograph pickup is at the left. 
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The top panel contains a three-stage screen-grid tuner and detector whose out- 
put can be applied to any one or all of the four audio amplifiers, and thus feed to any 
of the four channels. Below this is the mixer panel containing the knobs for con- 
trolling pickup, individual channel output volume, and microphone volume. It is 
possible to use the radio, phonograph pickup, or microphone independently, or to mix 
them all, by simply operating a single switch. Thus, a speaker may have a 
musical background to color his speech, if desired. The automatic record changer 
which changes 10 records and provides 50 minutes of record reproduction, is shown 
together with the phonograph pickup unit on the projecting shelf at the front. A 
rear view of this amplifier is shown at the right. A separate amplifier unit is pro- 
vided for each channel supplied. 

Another high power sound amplifier system with a separate double- 
turntable phonograph cabinet is shown in Fig. 415. The amplifier shown 
at the right, has a power output of 50 watts and amplifies over an audio 
range of 60 to 10,000 cycles with a 65 DB gain. The control knobs are 
shown on the top panel, with the tubes beneath. Amplifiers of this large 
output capacity are used for dance halls, skating rinks, stadiums, etc. 
Either radio reproduction, phonograph music, or microphone pickup of 





Courttsy Amplion Productg Corp 

416 — l.eff Hand-type carbon microphone for public address work. 

Right Desk-type carbon microphone. Notice the spring mounti1>g 
phone at the center. 



the mlcro- 


.speech or music may be supplied. A large rack-and-panel amplifier used 
in sound picture work in theatres is shown in Fig. 492. 

549. Microphones: Microphones used for public address work 
are usually of the carbon type, although condenser-type microphones are 
sometimes employed for high-quality pickup. The construction and op- 
eration of the carbon-type microphone has already been discussed in con- 
nection with the radio broadcasting station equipment in Article 235. A 
cross-section view of a carbon microphone is shown in Fig. 169. 

Fig. 416 shows two typical forms of carbon microphones used in public address 
work. That at the left is designed to be held in the hand of the speaker, that at the 
right is a desk type. The microphone may also be mounted on a tall stand of ad- 
justable height, so it reaches the level of the speaker’s mouth. In general, the micro- 
phones used for speech only are constructed with a higher sensitivity but smaller 
frequency range than those intended to cover the complete range of speech and music 
frequencies. The microphone unit is suspended by springs to take up shocks and 
vibrations. 

The battery current sent through this type of microphone should never be allowed 
to exceed the value specified by the manufacturer. 

The construction and assembly of the various parts of ^ condenser- 
type microphone or “transmitter'' is shown in the cross-section view of 
Fig. 417. 
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It consists essentially of a thin duraluminum diaphragm under tension, separated 
by a very small distance from a plane metal plate, the plate and the diaphragm form- 
ing the two plates of a condenser, from which the microphone derives its name. The 
thickness of the diaphragm is of the order of .001 inch, and the spacing between the 
diaphragm and the back plate is about the same distance. For broadcast purposes, 
the diaphragm is usually stretched to a natural vibration frequency of 8,000 cycles per 
second to avoid resonance effects in the a-f range normally transmitted. In use, the 
condenser microphone is normally “polarized” by having 180 volts connected across ij, 
as shown in the connection diagram of Fig. 418. Sound waves striking the diaphragm 
cause it to vibrate very slightly. This changes the distance between it and the back 
plate, which changes the capacitance, causing a tiny flow of charging current to flow 
back and forth around from one plate through the circuit to the other. This current 
must flow through the 2U megohm resistor, thus setting up a varying voltage across it. 
This varying voltage whose wave-form is the same as that of the sound waves, is ap- 
plied to the grid ciicuit ot an amplifying tube, the same as in any ordinary resistance- 
coupled amplifier. 

Since the capacitance of the condenser transmitter is very small, the capacity be- 
tween the leads from it to the grid of the first amplifying tube must also be kept 


Fig. 417 — Cross-section 
view of a condenser-type 
microphone, showing the 
hark plate and the dia- 
phragm The sound 
waves striking the dia- 
phragm cause to vi- 
brate, thus vaVying the 
distance and capacitance 
between It and the back 
plate 


('oxiriexy Radio Engine fr\ng Magazxrm 

very small or it will represent an appreciable percentage of the total capacitance 
of the circuit. It is general practice, theretore, to build the microphone and the first 
stage or two of amplification as a unit. This keeps the leads very short. A typical 
amplifier stage for use with a condenser transmitter is shown in Fig. 418. A line- 
coupling tiansformer for coupling this to a 200-ohm line is included in the output. The 
amplifier unit l^ built in with the microphone 

The signal available from the condenser microphone is very small, 
so little, in fact, that two stages of amplification are usually required to 
bring the signal level up to that which would be produced by a carbon- 
grain microphone. However, absence of the usual hiss that is so objec- 
tionable in the carbon type of microphone, much better frequency char- 
acteristics, and ruggedne.ss make the conden.ser “mike” the preferable 
of the two types where undi.storted output is essential. 

550. Mixing panel: Since the sound amplifier systems are com- 
monly designed to amplify the output of either a radio signal tuner and 
detector, phonograph pickup, or microphone, provision mu.st be made at 
the input circuit of the'amplifier, to quickly throw over from one to the 
other and to control the input voltage smoothly. This is the function of 
the mixer circuit. While mixer circuits may be very complicated if sev- 
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eral microphones and phonograph pickups are to be employed, the simple 
system shown in Fig. 419 will serve to illustrate the general principles 
which are involved in them in most cases. 



SHIELD 

Courtesy Jenkins and Adair Inc 

Fig 41S -T'hn (‘irr uit anangement of an a mplifier Flag* built in uith the ( ondoiiser iiucro- 
^ l»h»»ne i(» booM ns output before l»eing fed to the line between it and the regular 
•ainpl^er 

Assuming that a double-button carbon microphone is to be used, it is coupled to 
the input of the amplifier by the impedance-adjusting transformer If the micro- 

phone has the usual resistance of 100 ohms per button, (200 ohms total), the trans- 
former may have a primary to secondary impedance ratio of 200 to 500,000 ohms, 



Fig 419— Simple mixer circuit for selecting the type of program to , be fed to the \o\ume 
control and ampltfler, in a sound a nplifler system 


the latter being about the proper value for feeding into the grid circuit of the first 
amplifier tube. Four dry cells in series provide the current for the microphone circuit 
the current being regulated by the 400 ohm potentiometer. Jacks are provided at 
points X— X for plugging in a milliameter to check the microphone current. The sec- 
ondary of T, may be connected at will to the grid ciicuit ot the tirst amplilior tube 
through an anti-capacity type switch If a high-impedance type phonograph 
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pickup unit is employed, it may feed into the primary of the first a-f transformer 
T 2 ) and the input from the radio tuner may also feed to this, either one being con- 
nected by means of the switches S-, and S 4 . The secondary of the transformer also 
feeds to the tube input through a switch So- The volume control resistor R is com- 
mon to both circuits. This is of the constant-impedance type (500,000 ohms in this 
case), which consists of two tapped variable resistors mounted on a cornmon shaft 
and connected as shown, so that the resistance looking from either direction at R is 
always the same, while the signal voltage allowed to act on the grid of the amplifier 
tube can be varied from zero to maximum by moving the arm upwards. In this way 
either radio, microphone or phonograph pickup signal voltages may be fed to the 
amplifier at will and the volume controlled in each case. The various switches can be 
combined in the form of a multi-section switch for easy manipulation, and other refine- 
ments and additions may be made for more elaborate systems. 

Where the amplifier is located some distance away from the pickups, 
additional impedance-adjusting transformers are required. 

551. The loud speakers: For large outdoor or indoor installa- 
tions, loud speakers of the general types shown in Figs. 353, 355, 356, and 
495 are used. In many cases where the speakers are to be distributed over 
a large area, the permanent magnet type driving unit is employed because 
no field current and field supply wiring are then required — making *the 
installation simpler and cheaper. 

Electro-dynamic units for horn speakers may be of the type shown at the left 
of Fig. 420. The direct field current for a unit of this type may be supplied by s 



Pig. 420 — Left- Typical electro-dynamic driving unit for an air-colurnn type loud speaker 
Riglu All exciter unit for .supplying low-voltage direct current for the field of the 
speaker unit at the left The exciter opetates from the 110 \oll a-c line and con- 
tains a suitable transformer and rectifier bulb 

separate exciter units such as that shown at the right, operating from the nearby a-c 
electric light circuit. This contains a suitable transformer and rectifier, supplying 
d-c to the .^.peaker field. For individual room installations in hotels, schools, apart- 
ment houses, etc., either a permanent magnet reed-type or a moving-coil type loud 
speaker having a cone type diaphragm, is usually built into a box in the wall of each 
room, with a decorative grille at the front. A speaker of this kind inside its enclo.sing 
box, is shown at the left of Fig. 421. rrogram channel selection and volume control 
is provided at the speaker itself, or at a control plate conveniently mounted on the 
wall. 

Various circuit combinations of speakers are employed in large systems. In all 
cases, proper impedance-matching transformers (Art. 445) must be used when necessary. 
Some manufacturers provide the power stages in their amplifiers with output trans- 
formers having several taps to enable matching of the impedance values of different 
types or combinations of loud speakers. Thus, where dynamic and magnetic speakers 
operate from the same amplifier, they can be connected to different taps so that each 
type will be operating under the best conditions. Magnetic speakers require about 
% watt for operation at maximum volume but only about one-twentieth watt for hotel 
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room volume. Ordinary electro-dynamic speakers require from 1 to 3 watts each for 
full-room volume, depending on make and type. Headphones, of course, require very 
low power — around 1/200 watt each. The large auditorium-type dynamic speakers 
handle much more power. 

The wiring of sound amplifier systems assumes great importance par- 
ticularly where the circuits are extensive, as in hotel, school and similar 
systems. The practices of installation men and also the recommenda- 
tions of equipment manufacturers vary considerably as to the wiring 
specifications and requirements for sound amplifier installations. 

No. 18 wire is probably the most commonly used size. In some installations it 
lakes the form of twisted pairs, in others telephone cable is used, and in still others 



Fig <i!l— l.pfi A niHgnetic type speaker In a wall for .-ipartment house and home installation. 

Volume control and program selector knobs are provided at the bottom. A decota 
live Krille Is shown in front of the speaker . . 

Rieht A home recording installation in a phono-radio coinbination The phono- 
pick -up IS at the left: the recorder is at the center, and the microphone 
ptiided from the cabinet cover. This type cuts its own groove into the surface 
of a snuioth aluminum disc 


the wirinjf system is made up of shielded pairs, each pair being sheathed in a metallic 
wrapping to eliminate any possibility of cross-talk w’here the wiring of two or more 
channels is carried in the same conduit. . . i 

The use of standard rigid conduit to safeguard the wiring is to be strongly re- 
commended, since this type of conduit provides against all possible physical 

injury to the wiring. Another is the complete electro-magnetic shielding provided, 
preventing the pick-up of hum or other interference from neighboring electrical cir- 
cuits. The third and an especially important reason for the use of rigid conduit in 
sound amplifier installations is that it provides the only type 

the wiring may be withdrawn for circuit alterations or into which addition 1 ires 
may be drawn at any time without damage to the plaster. Thus, if additional chan- 
nels are later added the new wires may easily be drawn into the same conduit with the 
old ones which are already installed. u rxry 

552. Home recording: Home recording of speech or music on 

special aluminum-alloy or celluloid phonograph records makes possib e 
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the recording of special radio programs, historic events, etc., in the home, 
at any time. After the recording is made, the ordinary phonograph pick- 
up, with a special fibre needle, is used to play back the recording through 
the audio amplifier and loud speaker of the ordinary home radio receiver. 

There are two systems of home recording in use. In one, pre-grooved record 
blanks are used, the grooves guiding the cutter stylus during the recording. Either 
the output signal from the radio receiver, or the voice signal picked up by a special 
microphone and fed through the audio amplifier of the receiver, is used to actuate the 
cutter, while the disc is revolving on the rotating phonograph turntable. 

In the other system, smooth metal discs are used. In this, the recording equip- 
ment includes a special feed mechanism operated by the turntable which feeds the 
cutter of the recording head toward the center of the disc as the recording proceeds. 
In this way the cutter cuts its own spiral gioove and also records the program by 
means of wiggles or waves formed in the groove. Fig. 421 shows the equipment for 
this type of home recording installed in the phonograph compartment of a phono- 
graph — radio combination. The recording cutter is actuated by power from the out- 
put of the audio amplifier in the radio receiver. At the left is the ordinary phono- 
graph-pickup unit used for playing the home recorded records. At the center of the 
turntable is the recording head mounted in place on the feed mechanism. The hand 
type carbon microphone, which feeds into the audio amplifier, for speech recording, 
is suspended from the cabinet top. While the quality of reproduction from record- 
ings of this kind is not comparable with that from ordinary phonograph records, hl6me 
recording has entertainment value and practical worth for permanently recording 
programs of sentimental or historic nature, etc. 

REVIEW QUESTIONS 

• I 

1. Describe the process of reproduction of sound from a phono- 
grraph record of the laterai-cut type. 

2. A note of 1000 cycles is recorded on a phonograph record with 

the turntable running at 70 r.p.m. What will be the frequency 
of the sound produced when the record is played back, if it is 
run at, (a) 80 r.p.m.; (b) 60 r.p.m.? 

3. Explain, (with diagram), the construction and operation of the 
iron-reed type phonograph pickup. What is the purpose of the 
permanent magnet? In your estimation, from the point of 
view of lightness and small magnet dimensions for a given field 
strength, which would be preferable for the magnet, (a) tung- 
sten steel; (b) cobalt steel? 

4. How will wobbling of the turntable affect the reproduction from 
a phonograph pickup? Explain! 

5. How do the low-impedance and high-impedance types of phono- 
graph pickups differ in construction? What are the relative 
advantages of each type? What is the purpose of the imped- 
ance-adjusting transformer used with the former type? 

6. What form of power supply is preferable for sound amplifier 
systems? Why? 

7. Mention two important features of pu.sh pull amplification that 
recommend it for u.se in sound amplification systems? 

8. What is the difference between the requirements of the audio 
. amplifier u.sed in an ordinary radio receiver, and tho.se of an 
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amplifier u?ed for a large sound amplifier system? How are 
the special requirements of the latter satisfied? 

9. What is meant by rack-and-panel amplifier construction? Why 
is it used? 

10. What is the purpose of the “mixer” circuit in a sound ampli- 
fier system? 

11. A particular sound amplifier system is to be u.sed for radio 
reproduction, and for phonograph reproduction from a pickup 
having an output of 1 volt. The power output required from 
the amplifier is about 5 watts. Draw a complete circuit dia- 
gram for the a-c electrically operated amplifier, with proper input 
circuit for either radio or phonograph reproduction, and to op- 
erate two electro-dynamic speakers with their 10-ohm voice- 
coils in parallel across the secondary of the output trans- 
former. What must be the impedance-ratio of the windings 
on this transformer? Now add to your diagram an input cir- 
cuit for a two-button carbon microphone. 

*12. Explain the construction and operation of the cohdenser-type 
microphone and its associated amplifier stage. Why is this 
amplifier stage necessary? 

13. The total a-c plate resistance of the output tubes of a 
•« pov^’er amplifier is 4000 ohms. This is to be coupled to a 

200 ohm di.stribution line, at the far end of which are to be 
connected six loud speakers, three of which are magnetic 
speakers having an impedance of 3000 ohms each and three of 
which are of the electro-dynamic type having an impedance 
of 30 ohms each. They are to be connected in two separate 
groups, w ith three of each kind in parallel in each group. Each 
group is fed from a separate secondary winding on the imped- 
ance-adjusting transformer. Draw the circuit diagram for this 
condition, and determine the impedance-ratios and turn-ratios 
of the windings on the two impedance-adjusting transformers 
required. 

14. What is the essential function of the equipment used in a sound 
amplifier system? 

15. Explain briefly the circuit arrangements and the principles in- 
volved, in home recording of sound or radio programs on both 
the pre-grooved type, and blank type discs. What equipment is 
necessary for each method? 
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SHORT WAVE RECEPTION 

SHORT WAVE COMMUNICATION — AMATEUR TRANSMISSION — TYPES OP 
SHORT WAVE RECEIVERS — SHORT WAVE TUNER SYSTEM — PLUG-IN COILS 
AND SWITCHING SYSTEMS — SHORT WAVE TUNER DESIGN — BAND SPREAD- 
ING COILS — SIMPLE REGENERATIVE RECEIVER — FRINGE HOWL — DEAD 
SPOTS IN TUNING — WAVEBAND-SWITCHING SYSTEMS — SHORT WAVE SUPER- 
HETERODYNE — SHORT WAVE CONVERTERS — SHORT WAVE ADAPTERS — 
OPERATING THE SHORT WAVE RECEIVER — TIME DIFFERENCES — FADING AND 
SKIPPING — MICRO, OR QUASI-OPTICAL RAYS — REVIEW QUESTIONS. 

553. Short wave communication: While reception of programs 
from those radio stations which operate with carrier frequencies within 
the ordinary broadcast band of approximately 545 kc (550 meters) to 
1,500 kc (200 meters), is perhaps most common to the average layman, 
a great deal of amateur, commercial, and general broadcasting transmis- 
sion is also carried on by transmitting stations employing V€?x*y high car- 
rier frequencies, producing what are popularly known as short wave radia- 
tions. Remembering from our previous work, that the relation between 
wavelength and frequency for radio radiations is 

300,000,000 

Wavelength (meters) = 

frequency in cycles per second 

it can be seen that the higher is the frequency, the lower or shorter is the 
wavelength. Short waves mean high frequencies. Short wave commun- 
ication is therefore carried on with carrier currents, voltages, and radia- 
tions of very high frequency. Thus, a wavelength of 500 meters corres- 
ponds to a frequency of about 600 kcj a wavelength of 10 meters corres- 
ponds to a frequency of about 30,000 kc. A chart which gives the wave- 
lengths corresponding to the various frequencies, and vice-versa, will be 
found in Appendix K at the rear of this book. This is very handy, as it 
saves the time usually required for calculations by the above formula. In 
general, all communication with carrier frequencies above 1,500 kc 
(wavelengths below 200 meters) is classed as short wave communication. 
This band is shown at the right, in the chart of Fig. 163, which should be 
studied carefully at this point. The general short wave band is divided 
up for convenience into smaller bands in which communication of par- 
ticular classifications is carried on. 

While ordinary short wave communication is carried on with wave- 
lengths down to perhaps 10 meters or so, experimental transmitting and 
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receiving apparatus is being developed to produce radiations of higher and 
higher frequencies. At the present time considerable experimental work 
is being carried on with frequencies which are so high that the radia- 
tions produced have wavelengths as short as 18 cm. (7 inches), and possess 
many of the properties of light, since they are somewhat of the same 
character. These are called “micro-waves'^ or “quasi-optical" radiations, 
and may be reflected by ordinary reflectors just as in the case of light 
rays. They promise to open up a new field in radio communication. We 
will consider these in greater detail in Art. 570. We will confine our studies 
for the present, to apparatus and circuits used for ordinary short wave 
communication with radiations having wavelengths between about 5 and 
200 meters. 

Contrary to popular opinion, short wave transmission and reception, which is be- 
coming so widespread, is not a new discovery. Owners of amateur radio transmitting 
stations have been communicating regularly with radiations of short wavelengths for 
some years Many of the leading broadcasting stations operating regularly on the 
broadcast band, also transmit their programs simultaneously by short wave trans- 
mission. These short wave transmissions have been heard almost all over the world, 
far beyond the range obtainable with the regular broadcast band transmission. As 
a Aiatter of fact, high-frequency radiations are characterized by an uncanny carrying 
power. Low-power stations transmitting at high carrier frequencies transmit over dis- 
tances that could be spanned by the lower frequencies (higher wavelengths) only by an 
expenditure of hundreds of times as much power. Reports of reception, on one or three 
tube receivers, of short wave stations thousands of miles away, has so fired the imag- 
ination and interest of many people that short wave reception of both code and phone 
signal^has b«come very popular. 

554. Amateur transmission: The thousands of privately-owned 
amateur stations throughout the world have done much to increase our 
store of knowledge concerning short wave transmission and reception. 
Owners of moderately equipped stations in widely scattered parts of the 
world have become neighbors and exchange almost daily conversations 

• with their friends. The extremely low power used in most cases, makes 
these achievements seem almost incredible to those familiar only with the 
large broadcasting stations operating on the regular broadcast wave- 
lengths, with as much as 50,000 watts of power. 

Several important advantages of short wave communication are, the fact that 
even long-range short wave communication can be accomplished with comparatively 
small amounts of power; that short-wave communication is fairly free from “static^*; 
and that the short wave band covers such a large range of frequency making it possible 
to assign wavebands to thousands of stations, without danger of interference. Signals 
from short wave stations employing but a few watts of power have been heard thous- 
ands of miles away, whereas our large broadcast band stations may use 50,000 or more 
watts of power and be received within a radius of only a few hundred miles. The 
large frequency band in the short wave range is very important. In the ordinary 
broadcast band between 200 and say, 550 meters, (a range of 350 meters), there is 
only a frequency range of approximately 1,000 kc. In the short wave band between 
6 and 200 meters (a range of only 195 meters) there is a frequency range of 59,000 
kc. Obviously, many more transmitting stations can be accommodated when such a 
large frequency range is available, assuming that each station takes up a frequency 
band or channel 10 kc wide. This is one of the reasons why television broadcasting 
IS carried on in the short wave range, as we shall see later. 

555. Types of short wave receivers: Short wave receivers must 
perfon® exactly the same tuning, amplifying and de-modulating functions 
as do the ordinary broadcast band receivers which we have already studied. 
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so it is natural to find that the general circuit arrangements employed in 
short wave receivers are the same as those used in the broadcast band 
tsrpes. Very simple short wave receivers usually consist of a regenerative 
detector with or without one or two stages of transformer-coupled a-f 
amplification. Next we have the receivers employing a stage or two of 
tuned screen grid r-f amplification. The more elaborate receivers are of 
the superheterodyne type. These have come into popular favor on account 
of their greater sensitivity, due to the fact that considerable amplifica- 
tion may be more readily obtained at the low intermediate-frequency ex- 
isting in the i-f amplifier than can be conveniently obtained when amplify- 
ing the incoming high-frequency signal directly. 

In general, the tuner circuit and construction in a short wave re- 
ceiver, is possibly the only part of the receiver system which differs radic- 
ally from that of the ordinary broadcast band receiver. We might possibly 
say that the detector also differs somewhat, since detectors of the sensi- 
tive grid leak-condenser type are commonly employed, in the simpler re- 
ceivers, usually with regeneration. The audio amplifier systems are prac- 
tically identical with those of broadcast-band receivers. •> 

In designing and constructing short wave equipment, many problems are encoun- 
tered, which are not met with in dealing with equipment designed for reception of 
signals at the lower carrier frequencies (higher wavelengths). Due to the high fre- 
quency of the signal voltages and currents existing in the circuits, the layout of all 
parts and wiring must be given much thought, as inductance and capacity effects be- 
tween wires and between coils, etc., are very important. All wires frbm gi'ids and 
plates of tubes should be kept short and well separated. Unless care is exercised in 
wiring the variable condensers, troublesome hand capacity effects are liable to result. 
This makes tuning very difficult, and is manifested by a change in the tuning of the 
set whenever the hand is brought near the tuning dial. The wire from the grid*6f 
the tube to the tuning coil and condenser should always be connected to the stator 
plates of the tuning condenser, and the frame and rotor plates should go to the grid- 
return circuit and ground. Complex circuits using multi-stage amplifiers are usually 
either unstable, or have too many operating controls, to be of value. As the tuner de- 
sign in short wave receivers is a special problem we will consider it first. 

556. Short wave tuner system: The purpose of the tuner in any 
radio receiving system, is to allow the varying signal voltages of the ont 
station it is desired to receive, to get through and act on the grid circuits 
of the amplifier tubes, and to offer a high opposition to the signal voltages 
and currents which have been induced in the antenna circuit by the radia- 
tions of all other stations — thus suppressing them so they are not heard. 
Furthermore, the tuner must be adjustable, so that it may permit the re- 
ception of the modulated carrier-signals of any of many stations, with- 
in the frequency range for which the receiver is designed to operate. 

In most broadcast receivers, the matter of tuner design is comparatively simple. 
Experience has shown that a single inductance coil of proper value, associated with 
its single variable tuning condenser of about .00035 mf. maximum capacitance will 
form A resonant or tuned circuit, which, by varying the capacitance of the tuning con- 
denser, may be adjusted to resonance to incoming signals of any frequency within the 
broadcast band range of say 200 to 600 meters (1,500 to 500 kc). Thus, a single tun- 
ing condensed and coil in each tuned stage will easily cover the tuning range of 1,500 
minus 500, or 1,000 kc required. The broadcast receiver usually has a dial with 100 
divisions to cover the 180 degree movement of the rotary plates of the tuning con- 
denser. If the tuning dial is moved through 100 dial divisions and if the condenser 
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and coil arrangement is such as ^ give say, absolute straight-frequency tuning over 
the entire dial, then it would be possible to tune in 100 different broadcasting stations, 
one at each division of the dial, each with a separation of 10 kc, providing the re- 
ceiver were sensitive enough to receive this many stations and it were selective to 
10 kc. We find therefore, that our broadcast band receivers use a single tuning coil 
and a single condenser in each tuning circuit, to cover the entire broadcast band of 
frequencies. 

The tuning problem in short wave receivers is not nearly so simple. If we con- 
sider the required tuning range of the receiver to be from 10 to 200 meters, we find 
that this corresponds to a frequency range from about 30,000 to 1,500 kc, or 28,500 
kc — just 28.5 times as large as the tuning circuits in our broadcast receiver must 
cover. This is because each change of one meter in wavelength at the low wavelength 
ranges, is caused by a much greater frequency change than a change of one meter 
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Fig 42U — A set of 4 plug-in type tuning coils for use In a short wave receiver. The wave- 
band which each coil covers with a .00016 mf. tuning condenser is marked under 
the coil. Notice that the coils have been purposely designed so that the wave- 
bands overlap somewhat 


wavelength in the upper ranges. This may be seen graphically in the Wavelength — 
Frequency Channel Chart in Appendix J at the rear of this book. 

This means, that if a short wave receiver were designed to cover this entire short 
wave band with a single tuning coil and condenser in each tuned circuit, they would 
have to cover a tuning range of 28,500 kc. If the dial had 100 divisions, each divi- 
sion would represent 285 kc. If transmitting stations are assigned frequencies 10 kc 
apart, 28 different stations might be tuned in and out by a movement of one division 
of the dial. Obviously, such crowded tuning is absolutely impractical. Even if this 
crowded tuning were practical, the system itself would be impossible to design with 
any degree of efficiency, since no simple tuning circuit with a fixed coil and a variable 
tuning condenser can be made to cover a frequency range of anywhere near 28,500 kc. 
The tuning condenser adds some capacity to the circuit even when it is set with its 
rotor plates all unmeshed from the stator plates. In addition to this, the distributed 
capacity of the tuning coil winding, and stray capacities existing in the circuit tend to 
tune the coil even when the tuning condenser is set at its zero dial setting. There- 
fore while a particular coil and condenser might be designed to tune to the lower fre- 
quency of the band satisfactorily, they would never tune to the higher frequency, dr 
vice versa. 

SS7. Plug-in coils and waveband-switching systems: This problem 
has been solved in two ways in practice. One method is to construct the re- 
ceiver either with several easily-removable tuning coils or condensers, or 
both. In the latter case the coils or condensers can be changed for each of 
the many narrow wavebands into which short wave transmission is now 
divided. In this way, each coil-condenser combination is required to tune 
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over only a reasonable frequency-band. These are, the 160 meter. 80 me- 
ter, 40 meter and 20 meter amateur bands and the broadcast short-wave 
bands at 50, 25 and 20 meters. While the short wave band is considered to 
extend to 200 meters, there is very little communication of interest on 
wavelengths between 150 and 200 meters. 

Many short-wave sets have been built with a non-removable variable tuning conden- 
ser, and a number of removable plug-in coils, which are wound for tuning to the various 
wavebands. Fig. 422 shows a typical set of these plug-in coils used in a popular 
short-wave receiver. The coils with the larger secondary windings are for tuning to 
the higher wavelengths, (lower frequencies). In this way, each coil is used for tuning 
only to a narrow range of frequencies and the tuning is not so crowded on the dial. 
The tuning coils for short wave receivers are mostly of the simple solenoid type. 
For the high frequencies, only a small inductance is required, and comparatively few 
turns of wire are necessary. The turns are usually spaced from each other to reduce 
the distributed capacitance of the winding. These coils must be wound accurately, as 
the change in inductance caused by one turn more or less of wire will cause quite 
some difference in the tuning range of the coil-tuning condenser combination. Some 
special receivers are built with removable plug-in variable condensers of various sizes. 

The more common method now is to use a switching arrangement ,for 
switching in additional inductance sections for tuning to each successive 
band of higher wavelength (see Art. 563) . While such switching arrange- 
ments are often rather complicated, they simplify the operation of the re- 
ceiver, since it is merely necessary to turn the “waveband selector” knob in 
order to select the proper tuning inductance for tuning in the par- 
ticular waveband desired, instead of opening up the receiver cabinet and 
inserting different plug-in coils. A typical receiver employing such a 
switching system will be described in Art. 563. 

558. Short wave tuner design: When the tuning condenser plug- 
in coil arrangement is used, it is necessary to employ tuning condensers 
of lower maximum capacitance than is common for broadcast band re- 
ception, in order to be able to tune down to the low waveleng^ths around 
16 meters. 

Ordinary 0.00035 mfd. condensers have a minimum capacity which is too high to 
enable the set to get down to 15 meters if a practical coil with any turns at all is to 
be used with it. Tuning condensers having a smaller maximum capacity employ less 

f dates and therefore their minimum capacity (plates all un-meshed) is very inuch 

ower. Consequently they are always used in short-wave receivers. A common short- 

wave set tuning condenser size is about 0.00016 mfd. maximum capacity. This usually 
has a total of about 8 or 10 plates. While the arrangement of plug-in tuning coils or 
a switching arrangement, solves the problem of covering all of the wave bands, each 
coil having a slight overlap over the next smaller size so that there will be no **holes*’ 
in the wave-band covered, there is set up one disadvantage which, is quite serious. 
This disadvantage has to do with the crowding of the dial for a particular wave-band. 

Let us suppose that for the 40- and 80-meter bands ample spread of the tuning re- 

sponse is obtained over the tuning dial. Yet when the 20-meter coils are plugged into 
the coil sockets the whole band might be bunched together within a few divisions of 
the dial. To overcome this evident crowding on the 20-meter band, we may resort to 
the expedient of removing plates from the tuning condenser, but this 'procedure has a 
detrimental effect on the tuning tor other wave-bands. 

This problem may be solved by the use of special band-spread coils. 
Coils of this t}rpe are plugged in in the same manner as the standard 
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coils and without making any changes in the receiver itself. The result, 
in the case of the 20- and 40-meter amateur bands, is a SO-division spread, 
located right in the center of the dial. 

Unfortunately it is impossible to spread the tuning out on the dial and still have 
the same frequency-range completely covered by a given num^r of coils. If it is de- 
sired to cover the same range but have the tuning opened up it can only be done by 
using a larger number of coils and lower tuning capacity or something else which will 
be the equivalent. However, it may be that the owner of a short-wave receiver is 
interested only in certain portions of the band between 20 meters and 200 meters. An 
amateur, for instance, may be interested only in the American amateur bands. All 
he wants is to cover a narrow band at 20 meters, another at 40 meters and another at 
80 meters. The wavelengths in between hold little interest for him. 

The use of old vacuum tube bases as forms on which to wind short 
wave plug-in tuner coils has become very popular since these bases al- 
ready contain the plug-in prongs and a suitable Bakelite form for wind- 
ing. The primary and secondary winding on coils of this type may be 
arranged as shown in Fig. 422A. The ends of the coils are soldered to 
the tips of the hollow brass prongs. A time-saving design chart for short 
wave coils wound on vacuum tube base forms is shown in Fig. 422A. 
This is published here by courtesy of Mr. George Crammer, its originator. 
The instructions for using this chart are reprinted herewith by courtesy 
of Q. S. T. Magazine in which they originally appeared. 

^Terhaps the most common case is that of determining the proper number of 
turns oS a given size of wire to obtain a desirable tuning range in the receiver, when 
used witA a tuning condenser of given capacity range. The first step is that of deter- 
mining the capacity range of the circuit. The minimum and maximum capacity of 
the tuning condenser should be known and to these values should be added the '‘dead** 
cigpiicity of the other parts of the circuit which parallel the coil and condenser. These 
comprise the capacity of the tube and coil base and socket, grid-to-filament capacity 
of the tube, capacity of the wiring, etc. If the antenna is coupled through a small 
capacity, this will cause a further increase. It is extremely difficult to assign a 
value for this capacity but in most cases it will probably fall somewhere between 
2!b and 40 mmf., although it is perfectly possible to have values differing from these.’* 

“A straight edge should be run from the point on Scale VH corresponding to the 
capacity of the circuit with the tuning condenser at maximum, through the point 
on scale VI corresponding to the lowest frequency desired in the range of that coil. 
The point at which it crosses scale V will give the required inductance. Holding this 
inductance value, the straight-edge can be shifted along scale VII to the condenser’s 
“minimum” capacity value to check the highest frequency to which the circuit will tune. 
If the range is too large, the tuning capacity may be reduced or additional fixed cap- 
acity employed; the former is preferable. If the range is sufficient, the value of in- 
ductance can be varied to put the desired frequency range in the center of the capacity 
range which will give more margin as regards the difference between the actual and the 
guessed-at value of 'dead' capacity.” 

“In order to determine the number of turns of wire necessary to give the desired 
inductance, the number of turns of wire per inch should be known. For a tight wind*- 
ing, this may be obtained from the table in Fig. 288. By lining up on the one-inch 
point on scale, I-II with the size wire and type of insulation as given on scale II, the 
straight-edge will indicate the number of turns per inch on scale I, (Fig. 422 A).” 

“The last step is to find the number of turns to give the required inductance and 
give the proper length of winding. This value has been reached when the straigh^ 
edge connects the inductance value on scale V with the number of turns on scale IV 
which will just take up the length of winding indicated on scale III. A few trims 
may be necessary tb arrive at this value, but there should be no great difficulty in 
reaching the proper answer. After the figure has been obtained it would be ad- 
visable to check through the problem from the other end to see if the coil determined 
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upon will give the frequency range desired with the change in capacity permitted 
by the circuit.” 

”The above solution is predicated on the assumption that the wire will be wound 
with no spacing between the turns. The desired inductance may be obtained without 
reference to wire size by choosing any convenient length and winding in that space 
the number of turns indicated on scale IV by the straight-edge when placed so as to 
connect the proper values on scales III and V. In this case the only limitation to be 
observed is that a size of wire must be chosen which will allow winding the necessary 
number of turns in the given space. The use of scales 1. II and I-II will readily check 
this. The wire should be wound so that the spacing between the turns is uniform.” 

”The formula from which the chart was constructed, assumes that the coil is in 
free space, a condition which is of course not realized in practice. The presence of 
another coil near the one under consideration, such as a tickler coil wound close to 
the tuning coil or an antenna coil closely coupled thereto, may result in an effective 
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PIf. 422A — Rapid design chart for desiftning tube-base plug-in coils for short wave receivers. 


value of inductance quite different from that which might be expected frorn calculation. 
However, if coupling between the coils is loose, or capacitive instead of inductive an- 
tenna coupling is used, the inductance of the coil will not be affected to any great 
extent. For many reasons a tickler coil of small diameter compared to that of the 
tuning coil is desirable, and it has been found that a jumble-wound coil of about 
H-inch diameter placed inside the tube base at the bottom is very satisfactory. This 
construction has the added advantage that the coil is easily removed for changing the 
number of turns if necessary, its field can be readily reversed without rewinding or 
changing connections, and fine adjustment of feedback may be had by bending it in 
relation to the tuning coil. Such a coil also has less effect on the constants of the 
tuning coil than one wound directly alongside it. Final adjustment of the inductance 
to exactly cover the bands desired is usually accomplished by adding or taking off a 
fraction of a turn of wire. The antenna winding usually consists of one or two 
turns of wire wound around the coil socket base.” 

559. Band-spreading coils: In cases such as mentioned above, 
the band-spread type of tuning coil is very useful. Instead of the entire 
winding of a coil being shunted by the tuning condenser, only a part of it 
is so shunted. The range of the coil is therefore accordingly reduced, and 
the tuning is opened up proportionately. In order to shift this particular 
desired band to the most suitable place on the dial, a trimmer condenser in- 
cluded in the coil is adjusted once and therefore requires no attention un- 
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less some further movement of the band is desired at a later date. In 
other words, the trimmer condenser permits the operator to select the par- 
ticular portion of the band to be included within the tuning range. 

One consideration involved in shuntingr a tuning condenser across only a part of 
a coil is that when the condenser is adjusted for minimum capacity, the coil is tuned 
close to its natural period. Unfortunately, the circuit resistance increases rapidly as 



h'lg 423 — Band-spread coil arrangement. (Left) The conventional detector circuit with grld- 

le.ik and condenser at the top of the coil between it and the grid of the tube. 

(Center) Here the grid-leak is located in the grid-return to filament line, providing 
the same results as at the left (Right) The band-spread circuit showing the grid- 

leak and condenser in a new position. 


I 

the frequency approaches the natural period of the coll. But in the case of the band- 
spread coils the shunt capacity furnished by the trimmer condenser plus the capacity 
of the tube itself keeps the circuit well below the natural frequency of the coil. 

Inside the band-spread type coil is a small grid leak and grid condenser as well 
as an adjustable low-capacity trimmer condenser. To understand the band-spread ar- 
rangement, let |is refer to Fig. 423. At (A) is shown the conventional tuned circuit 
for a dete*ctor stage. Here, a coil is shunteci by a variable tuning condenser, the top 
end of the coil connecting to the grid of the tube through a grid leak which is shunted 



Courtesy The National Co. 

^ gt 424 — A band-spread type s w. coil is shown at the left. Under the trimmer condenser 
shown at its center, are the grid-condenser and grid leak At the right is a 
typical s.w. receiver with the band-spread coils in place. 

by a grid condenser, while the lower end of the coil is brought directly to tiie filament. 
A variation of this circuit is shown at (B) where the grid leak and condenser are con- 
nected in the grid-filament return lead. (C) shows the band-spread arrangement. 
the regular variable tuning condenser of about .0001 mf. now shunts only a portion 
of the total inductance, while the grid leak Rj, and the condenser Cj, connect. directly 
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to the top of the coil. Finally, the trimmer condenser Cj shunts this whole arrange- 
ment and is in parallel with the tube capacitance (about 3 mmfd). A typical plug-in 
this type is shown at the left of Fig. 424. Notice the mica compression-ti^e 
condexuer inside the coil and the connection clip for the cap of the screen-grid tube. 
A typical short wave receiver in which these coils are used is shown at the right. 
This uses a stage of t-r-f amplification, regenerative detector and an audio ampliner! 
Single-dial control of the two tuning condensers is employed. This illustration gives 
a good idea of modern plug-in coil type short wave receivers arrangement and con- 
struction. 


560. Simple regenerative receiver: The circuit diagram of a sim- 
ple short wave receiver designed to use plug-in tuning and regeneration 
coils L 2 and Li is shown in Fig. 425. This employs 2-volt type tubes and 



Pig. 426 — A simple 3-tube regenerative s-w. receiver employing 2-volt type tubes and de- 
signed for home or portable use. Regeneration is controlled by resistor R In the 
detector plate circuit. For greater volume, an additional audio stage may be added. 
This receiver is designed for dry battery operation 

is designed for battery operation for either home or portable use. For 
home use, an additional stage of transformer-coupled a-f amplification 
may be employed. 

The antenna-ground circuit is completed across the 10,000 ohm resistor. The 
r-f variations in the signal voltage appearing across this are applied to the grid cir- 
cuit of the screen grid r-f amplifier tube and are amplified by it. The coupling between 
the r-f and detector tubes is of the tuned-plate type. Band-shifting condenser (and 
a midget condenser C.^ across it for vernier tuning) tune the plug-in coil L... The 
r-f choke and .005 mf. by-pass condenser are for filtering the r-f impulses from the 
plate supply unit. The .0001 mf. coupling condenser and grid leak resistor complete 
this part of the circuit. The tickler or regeneration coil Lj is connected in the plate 
circuit of the detector. Since the .002 mfd. plate circuit condenser is connected out- 
side of this, the rectified r-f varying plate current flows through Lp and since it is 
inductively coupled to Lm with the proper phase relation, some energy is continuously 
being fed back from the plate circuit to the grid circuit and is therefore re-amplified 
by the tube This regeneration results in additional amplification and so increases 
the loudness of the signal. The detector is followed by a single stage of transformer- 
coupM a^amplification, although an additional stage may be added to produce louder 
signals. The amount of regeneration obtained by coil may be varied very smoothly 
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by means of resistor R which really controls the plate voltage and plate current, and 
therefore controls the amount of r-f current flowing through L|, and therefore the 
feedback. Resistor R should be well constructed, since a poorly designed resistor here 
will cause rapid variations in the plate voltage and current which will be heard as 
“scratchy” noises in the earphones or loud speaker. 

Simple short wave receivers of this general type are very effective, and capable 
of excellent reception under favorable receiving conditions. The use of regeneration 
in broadcast^ band receivers was common at one time, but fell into disrepute because 
in practice, it was usually pushed to the point where side-band frequency suppression 
or cutting resulted, and the tone quality was impaired. Regeneration has been used 
extensively in short wave receivers simply on account of the extra sensitivity gained 
by it, but as mo/e sensitive circuits are perfected, the need for the regeneration will no 
longer exist, and it will probably not be u«ed to such a great extent. There is no 
doubt but that regeneration is really helpful in short w'ave receiver operation how- 
ever. It really serves two purposes; it makes the receiver more sensitive and makes 
it easier to find the stations, since by setting the receiver into oscillation, the various 
short wave transmitters can be located by the whistle produced when they are passed 
over. This is a great advantage where several stations may come in and out for a 
movement of one division of the tuning dial. Then the regeneration is backed down to 
stop the whistle, and the program is there. The objection to this, is that each regen- 
erative receiver acts like a miniature transmitter when it is set into oscillation. In 
congested districts, this causes interference in the receivers of neighbors. 

The grid leak size is important in short-wave sets. It is sometimes 
found that higher values of grid leak greatly control the ease with which 
the detector goes into oscillation, (see Arts. 331 and 333). 

561. “Fringe howl:“ A great many short wave receivers are 
troubled with a condition known as fringe howl or threshold oscillation, 
that iSj whe;i the regeneration is increased just under the point where the 
tube acts as an oscillator, the receiver breaks out into an audio howl. This 
condition is caused by radio-frequency disturbances which have found their 
way into the audio amplifier. It is not usually troublesome with one stage 
of amplification, but when two stages are used, the receiver becomes un- 
manageable. 

• Increasing the amount of regeneration will stop it, and taking the tube completely 
out of oscillation will stop it, but since the most sensitive point by far is just. under os- 
cillation and since the noise is usually of an extremely annoying character, it is very de- 
sirable to remedy it if possible. One common, simple method of eliminating it is to 
shunt about a 100,000 ohm resistance, (commonly of the grid-leak type) — as high a 
resistance as possible — across the secondary of the first audio-frequency transformer 
If a 100,000-ohm grid leak is sufficient to stop the howls, it will be found that it does 
not cau.se any appreciable loss in amplification and the circuit seems to remain exactly 
as it was before the addition of the resistance, except that the “fringe howl” has 
stopped. 

562. “Dead spots” in tuning: Many owners of short wave re- 
ceivers are troubled by the fact that at certain dial settings so-called dead 
spots or narrow frequency bands exist, over which either the receiver can- 
not be made to regenerate at all by means of the regeneration control, or an 
unusually large increase in its setting is necessary. These dead spots are 
caused in a variety of ways, and they may also be eliminated if their cause 
and nature is thoroughly understood. 

A “dead spot” on the tuning scale of a receiver means simply, that at the fre- 
quency corresponding to that dial setting, there exists a condition whifch causes the 
feedback to be reduced and the receiver does not oscillate properly. For the purpose 
of studying “dead spots”, a regenerative receiver may be considered simply as an 
oscillator. Any oscillator can produce only limited pov/er up to a certain point, beyond 
this the output drops rapidly, and finally tne oscillator ceases to operate. 
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Any circuit tuned to resonance with an oscillator absorbs energy from it. If this 
absorption is too great for the power of the oscillator considered, the latter cannot 
operate properly. This is the reason for the “dead spots” on the dial of a short-wave 
receiver; there are tuned circuits which absorb power at those frequencies. One of 
the offending circuits, is usually the antenna circuit of the receiver. The antenna, with 
its coupling coil, is tuned by its total antenna-ground capacity, (see Fig. 179) to a 
definite frequency, determined by the values of inductance and capacity in the antenna 
circuit. If these values are such that the “natural frequency” is the same as that to 
which the regenerative receiver is tuned, the antenna circuit absorbs energy from the 
oscillating detector circuit, and the oscillator will “plop” out of oscillation, simply be- 
cause it can no longer supply the total power required to keep it oscillating, plus that 
being absorbed from it by the tuned antenna circuit. Under this condition, no oscilla- 
tions can be produced, ordinarily; or else a large increase in the setting of the regen- 
eration control is necessary. 

The regeneration-control, however, has a limited range, and cannot be increased 





Fig. 426 — This schematic circuit diagram of the Universal receiver described In Art 563 Is a 
functional diagram and does not show the actual connections to the cam switches, 
(See Figs 427, 428 and 429 ) 


very far before its entire range has been covered; so that the receiver will no longer 
oscillate. 

The antenna system causes dead-spots also at the harmonics of its natural fre- 
quency; but these are less pronounced and not so disagreeable, because the regenera- 
tion control setting need be increased only slightly for these. Dead spots may also 
be caused by resonance in the r-f choke used in the plate circuit of the detector itself, or 
by apparatus near the receiver. It is possible to obtain dead spots from choke coils 
or tuned circuits near the receiver; and it is not necessary for a circuit to be closed 
upon itself in order to produce a “tuned” circuit. 

Assuming that all apparatus has been removed from the immediate vicinity of the 
receiver, l;pt us consider various means for removing all dead spots from the dial. 
Since a dead spot is caused by resonance, it will, in general, be possible to eliminate such 
resonance by detuning the circuit causing the trouble. It is possible not t6 remove a 
dead spot entirely, but to shift it to some frequency which is not covered by the re- 
ceiver dial. In the case of dead spots caused by the antenna circuit, a variable con- 
denser of the 23 plate midget type (.00001 mf.) connected in series with the antenna 
circuit will usually permit of shifting the dead spot to another frequency each time. 
In sets employing plug-in coils, the dead spot may reappear when a different coil is 
plugged into the receiver; but, if the series condenser in the antenna circuit is variable, 
the dead spot can again be shifted outside the new tuning range. In the case of an 
r-f choke causing a dead spot, turns of wire may be added to or removed from the 
choke to shift its natural resonance frequency and the dead spot. 
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563. Waveband-switching systems: While the use of the plug-in 
type tuning coils in short wave receivers satisfactorily solves the wave- 
band tuning problem from the electrical point of view, it is rather incon- 
venient to be constantly unplugging and plugging in different coils when 
operating such a receiver and “fishing” for stations on the various wave- 
bands. It is convenient to employ a coil-switching arrangement by which 
the proper tuning coil and condenser combination for tuning over a cer- 
tain band may be selected at will by the mere twist of a selector switch 
or knob. While lack of space does not permit of a complete detailed de- 



Fig 427 — Scheinatio diagram showing the switching arrangement for the four antenna 
I coupling roils and tuning condensers. The metal cams make contact with the 

resiiectue contact plungers when rotated to the proper positions. 


scription of such switching devices and systems, some idea of a commer- 
cial arrangement which has been developed for this purpose may be ob- 
tained from the accompanying illustrations of the Pilot “Universal” Super 
Wasp receiver. The circuit diagram of the entire receiver is shown in 
Fig. 426. 

This receiver uses one stage of screen-grid t-r-f amplification, a regenerative 
screen-grid detector, one impedance-coupled audio stage using a ^27 type tube, and a 
push-pull output stage using two ’45s, Notice the r-f choke in the “B” power supply 
unit circuit, to prevent r-f disturbances originating in the ’80 rectifier tube, from being 
transferred to the plate circuits of the receiver and causing noises in the output. 

The tuning coils are fixed inside the set, and are thrown in and out of the circuit 
by means of a very ingenious pair of rotary cam switches encased in molded Bake- 
lite housings, (shown in Figs. 427 and 428). This switch, which is controlled by a 
simple little knob on the front panel, has seven positions, and covers seven wave- 
length ranges as follows: (1) 15 to 23 meters; (2) 22 to 41; (3) 40 to 75; (4) 70 to 147; 
(6) 146 to 270; (6) 240 to 500; and (7) 470 to 650. This unusually wid^ wavelength 
range takes in not only all the short-wave channels, but also the entire broadcast band, 
and even the calling waves used by commercial ship and shore telegraph stations. 

For the sake of simplicity, the four antenna couplers used, are represented as a 
single antenna coupler in the diagram, and the four detector coils are also represented 
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as a single coil. Each of these coils has two windings. One end of each coil is brought 
to a contact on the cam switches, and they are automatically connected in the proper 
sequence as the switches are turned. 

The antenna and detector tuning condensers, shown in the diagram, are actually 
double units; one section has a maximum capacity of 130 mmf. and the other 416 
mmf. They have a common rotor connection but separate stators; the latter are also 



Courtesy Pilot Radio & Tubs Carp. 

Pig. 428 — Central switching arrangemt*nt The switch for the antenna coupling circuit is at 
the left. The one at the right is for the detector circuit. (See Fig 427 ) 


brought out to contacts on the cam switches, there being 15 contacts altogether on 
each stator, as shown in Figs. 427 and 428. At different positions of the wave-band 
switch, different combinations of tuning inductance and capacitance are obtained auto- 
matically by means of the cam switch, and tuning in that particular band is' accom- 
plished in the usual way by varying the setting of the variable tuning condensers. 



Fig. 429 — The crunplete .short wave receiver whn.sc <iMuif diagram i sliuwn in Fig 42(1 
The various coils fire shown in the two center .shield boxes 


The shift from one waveband to another is made m an instant and it is not necessary 
to open the receiver cabinet or disturb anything. 

Fig. 427 shows a schematic view of the connections of the tuning coils and con- 
densers, and the cam and contact plungers of the half of the rotary waveband selec- 
tor cam-switch used for the antenna-coupling circuit. As the shaft is turned, the 
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ordM^ and* insulated from each other, come around in proper 

i^** mlt«s°%{r/-icfc tS hSl waveSrnV\w 

drive shaft and T is the top piece for' tLTeSor^wftch® Tt^^ view J”the c^mplSl 
coiU^and'tuhes'^yj'p'at^’^' detector shielded compartments with the 

are at ^L*^fronf lenter*** Tr®*" and shielded tuning condensers 

knob is at the lower c^tlr; wave-band selector 

The receiver circuit of Fig. 426 shows a novel regeneration system. 
The r-f current for the plates of both the r-f and detector tubes, and the 
screen grid current of the detector tube, is led back to the tickler wind- 
ing through the .00004-nif. condenser between the screen grid and the 
plate, and C4 the .0005-mf. condenser at the lower junction of this cir- 
cuit. The r-f choke coils in the plate and screen-grid leads prevent the r-f 
current from taking any other path. The control of regeneration is pro- 



Courtfsy Radio Newt Magazine 

Fig. 430 — Circuit of a typical short wave and broadcast band superheterodyne with a wave- 
length range of 10 to 550 meters (550 to 30,000 k c ). The various wavelength 
• ranges are selected by the selector "tap-switch” SW-6. No plug-in coils are em- 

ployed 

vided by a 50,000-ohm potentiometer, regulating the screen-grid voltage. 
This arrangement provides very smooth regeneration, the control of which 
does not affect the tuning circuits. Thus it is possible to log station set- 
tings very definitely. 

Other waveband switching systems in which specially designed mul- 
tiple “tap switches” are used to perform the coil-switching operation, are 
in common use and are very satisfactory, (see Fig. 430). 

S64. Short wave superheterodyne: The use of the superhetero- 
dyne principle (see Chap. 22), in short wave receivers, presents the prac- 
tical advantage of doing the amplifying of the weak signal voltages more 
efficiently at the comparatively low frequency existing in the i-f amplifier, 
than it can be done with an equal number of aipplifier stages directly at the 
incoming carrier frequency. The general circuit arrangement of a short 
wave superheterodyne receiver is practically similar to that of an ordinary 
broadcast band, receiver, as will be seen from the circuit diagram of the 
Silver Marshall 726 S.W. combination short wave and broadcast band 
superheterodyne receiver shown in Fig. 430. Compare this for general 
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arrangement with the circuit of the somewhat similar type of receiver 
for broadcast-band reception only, which is shown in Fig. 283. 

Since the conditions regarding image frequency, etc., are different in the case of 
short wave receivers than they are in broadcast band receivers it is common to use an 
intermediate frequency of around 660 kc in the receivers "for short wave reception in- 
stead of the 175 kc commonly used in broadcast band receivers. For broadcast band 
reception, the requirements make it common to use 175 kc as the intermediate fre- 
quency. Therefore, if the receiver is to be used for both short wave and broadcast 
reception, both i-f's should be employed, (see Art. 386). 

It is obviously not practical to build a superheterodyne receiver for both short 
and broadcast wavelengths with two different intermediate-frequency amplifiers, for 
the equipment cost would be very considerable. This problem has been nicely solved 
in this receiver by designing the main i-f frequency amplifier for 175 kc, this being 
preceded by the oscillator, hrst detector, and r-f tube for broadcast band reception. 
As soon, however, as the receiver is shifted over to operation in the range of 10 to 200 
meters, a scheme popularly known as double suping is resorted to — the use of two 
intermediate frequencies with two oscillators, one fixed and one variable. 

Specifically, the broadcast tuning dial is set to some clear channel in the neighbor- 
hood of 660 kc — it may actually be anywhere between 600 and 700 kc and this 
done, the broadcast band r-f amplifier tube and first detector together with their tuned 
circuits comprise the hrst level of intermediate-frequency amplification, which takes 
place obviously at the setting of the broadcast dial or at 650 kc, approximately. A 
short-wave first detector is then placed ahead of the r-f amplifier tube which has Viow 
become an i-f amplifier tube, and to this tube is coupled a short-wave oscillator which 
is arranged to track away from the short-wave first detector by approximately 650 kc 
in order to produce the first intermediate-frequency. At first glance, it may be a 
little difficult to grasp the exact operation of this arrangement, but a little considera- 
tion will undoubtedly make it clear. 

The coils for the various wavebands are easily selected by mean^ of the four- 
position switch SWB, controlled by a knob. This same switch selects one of four 
oscillator coils, in proper order to work with the four first-detector tuning coils. 

565. Short wave converters: Without doubt, the superhetero- 
dyne system is the best known system for short wave reception, inasmuch 
as it is the only one which permits a high order of amplification to be ob- 
tained, due to the insurmountable difficulties encountered in building high, 
gain short wave r-f amplifiers. While it is of course desirable to employ a 
superheterodyne receiver designed especially for short wave reception, it 
is a fact that a large proportion of radio enthusiasts already own a broad- 
cast band receiver which may represent a considerable investment. They 
do not care to purchase a separate receiver for short wave reception. 
Where a suitable broadcast band receiver is available, it may be con- 
verted into a short wave superheterodyne receiver by means of a “short 
wave converter". 

One often hears the terms s.w. converter and s.w. adapter used interchangeably, 
while actually there is quite a difference between the two. The term “converter” 
should be applied only to devices which convert one frequency into another frequency. 
A converter may be used as the first detector* of a superheterodyne arrangement. A 
ghorUwave converter is an electrical arrangement which converts the short wave 
signals into corresponding long wave signals so that the short wave programs can be 
received on an ordinary broadcast receiver. The r-f amplifier in the broadcast re- 
ceiver itself functions as the intermediate-frequency amplifier of the superheterodyne. 
It is usually* necessary that this intermediate-frequency amplifier should give con- 
siderable amplification for good loudspeaker reception. Usually, this requires that 
it shall consist of radio-frequency stages employing screen-grid tubes. Short wave 
'^adapters” will be considered later. 
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The short wave converter is really a frequency changer. It consists 
usually of a first detector, tunable local oscillator, and self-contained power 
supply unit, although in some cases it may also have a stage of t-r-f am- 
plification ahead. The converter is connected to the antenna and ground 
terminals of the broadcast-band receiver. The oscillator output hetero- 
dynes with different incoming short-wave signals, resulting in a beat-note 
or “difference frequency” in the intermediate amplifier, which in this 
case consists of the tuned r-f stages of the broadcast receiver set at some 
fixed tuning frequency. Some converters used the filament and “B” volt- 
ages from the broadcast receiver, others use separate batteries, and still 
others have their own socket power supply unit. A circuit of an a-c tube 
electrically operated short wave converter with its own power supply unit 
is shown at (A) of Fig. 431. 

The '27 type tube acts as the oscillator, due to the magnetic coupling between 
plate and grid coils Lo. The grid circuit of the oscillator is tuned by condenser Cg. 



Fltf. 431 — Left Circuit of an a-o tube electrically-operated short-wave converter with its own 
power supply unit. 

Right: Conne< tlon of a s w converter to an ordinary broadcast band receiver. 


Two trimmer-type condensers are used, one an antenna coupling condenser for the 
first detector and the other an oscillator coupling condenser — both of these require a 
screw driver for adjustment. Cj tunes the first detector input circuit in combination 
with the tuning coil L^, which may be of the tube-base type (see Fig. 422A). The 
plate circuit of the detector feeds into the “ANT." terminal of the broadcast-band re- 
ceiver as shown at the right of Fig. 431. The power supply unit consists of a small 
power transformer furnishing filament current for all the tubes, and high voltage a-c for 
“B” supply which is rectified by a single '26 type tube, and filtere<l by a single choke 
and two 4 mf. dry electrolytic condensers. The '26 type three electrode tube is con- 
nected as shown, since the power supply unit is called upon to deliver only a small 
current, and the use of a tube of this kind which is amply large and rugged, makes 
the use of a smaller power transformer possible. 

When the converter is placed beside any standard broadcast receiver, by simply 
connecting the antenna to the converter, one lead from the converter to the antenna 
post of the receiver and one lead from tht ground terminal of the receiver to the 
ground terminal of the converter (already grounded), as shown at (B) of Fig. 431, 
and the power plug is inserted in the socket, the full conversion of the broadcast 
receiver to a short wave superheterodyne has been accomplished. To ‘eliminate the 
converter, it is only necessary to shift the antenna lead back to the broadcast receiver 
again, leaving the ground connection between the broadcast receiver and converter 
permanently made, if desired. This may be accomplished by the simple switching 
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arrangement shown. These connecting wires should be kept very short to prevent 
them from acting as antennas and picking up signals direct from broadcast-band sta- 
tions. In many cases, the antenna lead from converter to set need not be disconnected, 
although it is desirable to do so. When this connection is made, the r-f amplifier of 
the broadcast receiver tuned to some clear channel in the neighborhood of 1,000 kc, 
serves as the i-f amplifier for the superheterodyne, the broadcast receiver detector 
functioning as the second detector, and the audio channel operating in the conventional 
manner. In this manner, the full amplification of the broadcast receiver is utilized 
at short waves. The tuning of the broadcast receiver is left fixed and is not varied 
at all when receiving short wave programs. It is only varied when broadcast-band 
stations are to be received. 

Unless a coil-switching arrangement is used (see Art. 563), two short-wave 
plug-in coils are required for each frequency band to be covered, one for the oscilla- 
tor and one for the first detector. For the whole short wave band of 17 to 200 meters, 
a total of eight coils, or four sets, are usually required. A converter may also be 
used successfully in connection with a number of present-day superheterodynes, re- 
sulting in a “double super’* because the frequency is shifted twice, and three detectors 
are employed. This combination, is capable of very satisfactory results. 

566. Short wave adapters: Short wave signals may also be receiv- 
ed with an ordinary broadcast-band receiver by using a short wave adap- 




FI*. 432 — (A) A short wave adapter circuit deaigrned for use with a battery-operated broad- 
cast band receiver 

(B) A short-wave adapter for use with an a-c electric broadcast band receiver. 


ter ahead. A short wave adapter usually is simply a short wave detector, 
and its tuning circuit is designed to tune to the short wave signals. No 
change in frequency takes place in an adapter. By means of a socket plug 
which is connected to the adapter, connection is made from it to the audio 
channel of the broadcast receiver by first removing the detector tube from 
the socket in the broadcast receiver, and then plugging in its place this spe- 
cial socket plug. In this way, the r-f amplifier and detector circuit of the 
broadcast receiver are cut out, and in its place is used merely the 
short wave detector unit which comprises the adapter. What we have 
then, is a simple short-wave detector circuit followed by the one or two 
stages of audio-frequency amplification in the broadcast receiver. In some 
of the older types of broadcast receivers, the radio-frequency amplification 
is so low that one may just as well use a s.w. adapter instead of a s.w. 
converter, ’obtaining almost equal results. If properly adjusted, an 
adapter gives fairly satisfactory short wave reception, and it has the ad- 
vantage of having a considerably lower first cost. 
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Since the s.w adapter is simply a short wave detector, it is very simple to con- 
struct . A simple s.w. adapter for use with a battery-operated receiver is shown at 
(A) of Fig. 432. This is simply a regenerative detector employing proper short-wave 
plug-in tuning coils and tuning condenser C^. The coils may be of the tube- 

base plug-in type designed from Fig. 422A if desired. Regeneration is obtained by 
tickler coil Lg and controlled by Co. The terminals go to a four-prong plug, which 
may be the base of an old vacuum tube. To use the adapter, the antenna and ground 
are connected to it, the detector tube in the broadcast band receiver is removed from 
its socket, ai^ the 4-prong plug from the adapter is inserted in this socket instead. 
In this way the filament voltage from the receiver is led to the filament of the adapter 
tube, and the plate circuit of the adapter is completed through the plate circuit of the 
first audio coupling unit in the receiver. The signal output from the adapter is thereby 
fed to the audio amplifier and is reproduced by the loud speaker. The r-f tuner unit 
of the broadcast receiver is not used at all when receiving short wave signals. It 
is usually helpful to include variable resistor Ro in the adaptor plate circuit to enable 
adjustment of the plate voltage for best regeneration control. The tube used in 
the adapter is ^ usually of the same type as that used in the detector socket of the 
broadcast receiver. To prevent fringe howl, it may be necessary to connect a 0.1 
megohm resistor across the secondary of the first a-f transformer in the receiver. 

Short wave adapters used with a-c electric broadcast receivers do 
not always give satisfactory results, because most of these receivers use 
plate rectification in which plate voltages as high as 180 volts may be ap- 
plied to the detector. When the adapter plug is inserted, the same plate 
voltage is being applied to the tube in the adapter. Also, in many a-c 
electric receivers, which use resistance-coupling between the detector and 
first a-f tube, the actual effective voltage on the plate of the detector is 
very low. This causes inefficient operation of the adapter detector. Since 
the tendency in modern receiver designs is to do most of the amplifying in 
the r-f amplifier and use only one audio stage, short wave adapters used 
with these receivers do not usually operate satisfactorily, merely because 
there is not enough audio amplification provided. These points are im- 
portant, for in many cases, poor reception is blamed on an adapter when 
in reality it is due to improper operation of the receiver. 

A circuit diagram for a s.w. adapter for use with an a-c electric receiver is shown 
at <B) of Fig. 432, but the above statements should be kept in mind regarding the 
undesirable operating conditions which may be forced upon such devices. It is gen- 
erally more satisfactory to use a short wave converter with a-c electric operated re- 
ceivers, unless the receiver is of such design that proper voltages are provided for an 
adapter. If it is desired to increase the sensitivity of a s.w. adapter, a stage of 
screen-grid r-f amplification can be added to it. This will give a general r-f and 
detector arrangement somewhat similar to those in Figs. 425 and 426. 

567. Operating the short wave receiver: The knack of correctly 
operating short wave receivers is usually learned only after considerable 
experience in tuning a particular set. 

Possibly the greatest trouble is caused by the fact that the novice manipulates 
the tuning controls much too rapidly. Due to the fact that several stations may often 
be tuned in and out with a movement of a division or two of the tuner dial, it snoula 
be turned very slowly when tuning for stations, or they will be passed right by without 
being heard. Short wave receivers of the regenerative type should oscillate smoothly 
over the entire range of the tuning condenser, with each coil. If the set is correctly 
designed and the batteries (or socket power device) and tubes are in good condition, 
the fact that usually determines whether or not the set will oscillate, ^ the antenna 
series condenser. -If the antenna is too long the set will not oscillate. Instead of cut- 
ting the aerial length, a midget condenser with a capacity range of from about 
0.00001 to 0.00006 mfd. may be connected in series with the aerial. Different settings 
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of this condenser should be tried at the various wavelengths, until the set oscillates 
smoothly. Antennas from 30 to 60 feet in total length, (including lead-in and ground 
wires), are usually suitable for short wave reception. It is important that all con- 
nections be well made and soldered. The ground connection should be made to a 
cold water pipe or to a 'separate pipe or plate buried in moist earth. The importance 
of good ground connections cannot be overstressed, as they are often responsible in a 
large measure for the good or poor results pbtained with an otherwise good receiver 
system. 

Short wave receivers of the non-re generative type are tuned in exactly the same 
way as ordinary broadcast receivers are, only the tuning dials should be rotated more 
slowly. There are two methods of tuning either short wave or broadcast receivers 
of the regenerative type. 

In tuning for short wave signals, set all controls such as the antenna series con- 
denser, volume control, etc., at the point where loudest signals are heard on local sta- 
tions. Then, throw the detector into oscillation by advancing the regeneration or vol- 
ume knob very slowly until you hear a soft rushing sound. As you continue to turn, 
the noise will build up quickly in intensity and then drop off in an abrupt click. The 
condition of the set during the first rushing period is known as “regeneration,” and in 
it the set is extremely sensitive. The condition just beyond regeneration is “oscilla- 
tion”. If you keep the set in oscillation, and turn the tuning dials slowly, you will 
hear a whistle when you run into a broadcasting station. With this whistle may be 
mixed the voice or music. The whistle or “beat note” is produced by the heterodyning 
of the incoming signals with the oscillations of slightly different frequency generated 
by the oscillating detector. To clear up the signal, simply turn back the volume 
knob until the set crosses the border line and slides back into regeneration. 

If the incoming signal is fairly strong, the program will come through free of the 
whistle. However, if it is weak, the whistle will dominate the voice, as this whistle 
is caused by the beating or “heterodyning” of the carrier wave of the station and 
the oscillations generated in the detector circuit. In this case, the “zero beating” 
tuning method should be tried. This is always the best for weak signals, although it 
requires some experience in tuning. 

To *'zero-beaV* an incoming signal, throw the receiver into oscillation by ad- 
vancing the regeneration control, and then tune it very carefully so that the frequency 
of the oscillations set up by the detector are exaetly of the same frequency as that 
of the incoming signals to be received. When this exact point is reached, no whistling 
is heard, since there is no difference in frequency, and the beat whistle disappears. 
The signals are likely to be somewhat distorted, but this is not usually very objection- 
able. 

You can tell when you have zero-beated a .station, by turning the tuning conden- 
ser a hair’s breadth above and below the point at which the signals are understandable 
and clear of whistling. You will hear a whistle each time, as each time you move 
the condenser you change the frequency of the local receiver circuit and therefore 
cause a beat note to be set up which is heard as a whistle. Zero beating is an ex- 
cellent means of fishing out very weak signals, because the receiver is in a very 
highly sensitive condition when it is oscillating. Many weak and distant stations that 
you cannot hear at all with the set thrown just out of oscillation you at least will be 
able to identify if you zero-beat them. 

When attempting distant or foreign reception, the time differences 
between the locality of the receiver and that from which the signals orig- 
inate must be taken into consideration. This will now be considered. 

568. Time differences: In attempting long-distance short wave 
reception it is important to consider the differences in time which exist 
at various place.s on the earth's surface. For instance, it would be rather 
foolish for a man in New York City to listen at 8 P. M. New York time 
for a station in London, England which is scheduled to sign off at 12 P. M. 
London time. The reason for this is, that when it is 8 P. M. in New York, 
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it is 1 A. M. the following morning in London. Therefore that particular 
London Station had signed off one hour before. 

Greenwich Mean Time is the system of time in which noon occurs at the moment 
of passage of the mean sun oyer the meridian of Greenwich, England. Standard time 
is the time of a certain meridian adopted for local use over a large region in lieu of 
true local time. The meridian of Greenwich, England, was taken as a prime meridian, 
and there are twenty-four standard meridians differing from it by 15 degrees of longi- 
tude east and west. These meridians were established in order that the standard 
times of all countries would agree with Greenwich in minutes and seconds but differ 
in hours by whole numbers. Clocks at any place within 7 degrees and 30 seconds 
east or west of a standard meridian are set to agree with the time of that meridian. 
They may therefore differ by as much as a half hour from local mean time. In the 
United States, the standard times are: easteim, 75 degrees west or five hours slower 
than Greenwich mean time; central, 90 degrees west or six hours slower than Green- 
wich; mountain, 105 degrees west or seven hours slower than Greenwich; and Pacific, 
120 degrees or eight hours slower than Greenwich. 

A chart of time differences showing the time existing at various important cities 
when it is 6 P. M. Eastern Standard Time in New York City is given herewith. At 
the right is a column giving the number of hours which the time in any city is ahead 
or behind that in New York City. 


TIME CHART 

Numbers of hours ahead of 


City 

Eastern Standard 

Time 

New York 

City 

New York City 

0:00 P. M. 





Chicago 

5:00 P. M. 


— 1 

hour 

(behind) 

Denver 

4:00 P. M. 


— 2 

hours 

(behind) 

San Francisco 

3:00 P. M. 


— 3 

hours 

(behind) 

Lejndon 

11:00 P. M. 


4- 5 

hours 


Paws 

11:00 P. M. 


-4 5 

hours 


Madrid 

11:00 P. M. 


4- 5 

hours 


Rome 

Midnight follow’ing 

day 

4- 6 

hours 


Petrograd 

100 A. M. 


-u 7 

hours 


Buenos Aires 

7:00 P. M. 


1 

hour 


Bombay, India 

4:00 A. M. 


-i-10 

hours 


Calcutta, India 

5:00 A. M. 


4-11 

hours 


Melbourne, Australia 

8.30 A. M. 


4-14.5 

hours 


Sydney, Australia 

9:00 A. M. 


-U15 

hours 


Thus when it is 7:00 P, 

M. Eastern Standard 

Time in 

New York City, it is mid- 


night in London. (This would be 8:00 P. M. Eastern Daylight Saving Time.) A very 
useful time conversion chart may be obtained by sending 10 cents in American coin, 
to the Superintendent of Documents, Government Printing Office, Washington, D. C., 
for a copy of Miscellaneous Publication No. 84, entitled “Standard Time Conversion 
Chart.” 

569. Skipping and fading of short wave radiations: On6 of the 

peculiar properties of short wave, (high frequency) transmission is that 
the radiations may skip over certain localities and be received perfectly 
at points further away from the transmitter. This is known as skipping. 
Also the signals may fade in and out while being received. This is known 
as fading. The explan itions of the actions which have thus far been 
advanced are in the form of theories. The Kenelly-Heaviside layer theory, 
named after its originators, is the one most commonly accepted and which 
seems to agree best with observed, measurable phenomena. An explana- 
tion of these actions and the basis of this theory follows : • 

A transmitting antenna sends out electromagnetic radiations, which, if they 
are not reflected or refracted, radiate out in straight lines as shown at (A) of Figy 
433. Though they are all part of the same radiation.', we speak of those rays which 
are directed and travel near and along the earth’s surface, as the ground rays. Those 
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which are directed and travel upward, are the aky raya. The ground rays, following 
the earth’s surface go through hills, forests, towns steel frameworks of buildings, etc., 
and are slowed down by the resistance of the path and greatly weakened, (especially 
at the higher frequencies) so that ordinarily the ground rays are practically non- 
existant at distances further than 500 miles or so, depending on the frequency. It is 
evident that if the ground rays alone were received by the antennas of receiving sta- 
tions, long distance reception would not be possible, because of the curvature of the 
earth, and the rapid decrease in strength of the rays. 

The sky rays do not travel in straight lines indefinitely, for if they did, they 
would never return to the earth, and would not affect our receiving antennas. Ac- 
cording to the Heaviside layer theory, there exists all around the earth’s surface, at 




Fig 433— (A) How the radio rays from a transmitting antenna consist of those which radiate 
out along the earth’s surface (ground rays), and those radiated up toward the sky 
(sky rays). 

(B) The sky rays are reflected by the heavlslde layer and return to the earth. 
They pass over, or "skip,” certain places on the earth’s surface entirely. Of 
course, the signals cannot be received or heard at these "sklp-arei^.” ^ * 

varying height of a hundred or so miles from it, an enveloping layer of ionized gas con- 
taining “free electrons.” These are produced by ionization of the atoms of the gases 
of which the atmosphere is composed. The ionization may be caused by the aclidn 
of the ultra-violet light from the sun, or from electrons shot off by the sun directly. 
At any rate, this layer is thought to be present around the earth. When the sky rays 
reach it, they are reflected from it as shown at (B), somewhat as light rays are re- 
flected by a mirror — only the surface of the Heaviside layer is not smooth like a mirror 
but curved and possibly bumpy. 

The action of skipping may now be understood. As seen from (B), the receiver 
may be located so far from the transmitter that it does not receive the ground rays 
with sufficient strength to be noticed. If the reflected sky rays return to the earth 
beyond the receiving antenna, no signal will be received, since these rays have skipped 
right over the locality in which the antenna is erected. So great is this Heaviside 
effect on rays such as are radiated in the 20 to 40 meter band, that the radiations 
skip nearby sections altogether and are received strongly at distances of 500 to 1,000 
miles or more away. Hence the reflecting action which causes skipping, is also 
responsible for the long distance transmission possible with short wave signals, since 
it may return the sky rays back to the earth’s surface at long distances from the trans- 
mitter. In the daytime, the strong ultra-violet rays from the sun penetrate deeper 
down into the atmosphere, and therefore the Heaviside layer is closer to the eaKh. 
On this account the waves are reflected almost straight down again. Hence, we are 
not able to accomplish much long-distance radio reception in the daytime. 

At night however, the ultra-violet rays are very weak and the positive and nega- 
tive ions of the air come together again. The Heaviside layer is therefore much 
higher above the earth. This means that the waves are reflected at a less acute angle 
so that they are able to spread farther out and cover a larger section of the earth. 
Accordingly, •we are able to receive much farther at night than in the daytime. 

In locations where the ground rays of a station are received together with the 
reflected sky rays, fading may be caused. In this case the siraal voltage induced in 
the antenna at any instant is the combination of that induced by the ground rays and 
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that induced by the sky rays, at that instant Remembering that these rays have 
come by different routes and distances, it is easy to see that they may not be in 
phase when they arrive at the receiving antenna. If they are in phase, they 
add, and the signal is strong; if they are out of phase they oppose each other, and the 
signal may be greatly weakened, depending on how much out of phase they are. 
Since the under surface of the Heaviside layer is bumpy, and is continually changing its 
contour, the angle of reflection of the rays changes, and they may travel longer or 
shorter distances before reaching the receiving antenna. Hence their phase relation 
with the ground rays is not constant, and consequently the amount of opposing or re- 
inforcing taking place between the two, changes, and causes periodic strengthening 
and weakening of the signals, {fading), A station may be received strongly for a 
few minutes, then some change will take place in either the height or the contour 
of the under surface of the Heaviside layer, this changing the angle of reflection of 
the sky rays and therefore the distance they travel before reaching the receiving an- 
tenna. This changes the phase relation of the ground and sky rays effective at the 
receiving antenna. The loudness of the received signal also changes correspondingly. 

New the amount of absorption of the ground and sky rays, and the 
angle of reflection of the sky rays 'depends on their frequency. Also the 
angle of reflection of the sky rays, depends on their frequency. Also the 
earth’s surface (seasonal conditions, time of day, etc.), and the condi- 
tion of unevenness of its surface. Hence the fading and skipping actions 
arrfyery variable, and cannot be predicted with certainty. 

However, enough is known about the behavior of short wave radiations so that 
in practice, short wave transmitting is carried out on the particular frequencies which 
are most suitable for the requirements of skip and range, depending on the time of 
day and the distance to be transmitted. In general, for distant station reception on 
frequencies frtim 14 to 20 meters, all tuning should be done from daybreak till 3 P. M. 
local time. From 20 to 33 meters, stations to the east of the listener will be heard 
beat from about 11 A. M. till 10 P. M. Stations to the west of the listener in this 
bayd should be heard best from midnight till about two hours after daybreak, when 
tney will fade out. From 33 to 70 meters, distant stations can be heard only after 
darkness falls. Very little in the way of distance can be heard above 70 meiers, al- 
though the ships, police, Are, coast guard and aircraft stations are all heard above that 
wavelength. Although these general instructions are helpful, it should be remembered 
that since so many varable conditions may affect the sky rays, short waves are notor- 
ious for their disobedience of the few laws that have been laid down for them. You 
are likely to hear stations on certain wavelengths at certain times when you should 
not hear them at all; also, you may “fish’' for a week for stations that you heard 
strongly during all of the previous week, and not find a sign of them. 

570. Micro, or quasi-optical rays: Ultra-short wave radio trans- 
mission by means of radiations of such high frequency that the wave- 
lenfirth (distance the disturbance travels during the time it takes to com- 
plete 1 cycle) is only in the neighborhood of 18 centimeters (about 7 
inches) has been accomplished. These rays or radiations are called 
micro, or qiiasUopticdl rays, because their wavelength is so short and they 
possess many of the characteristics of light rays, in that they may be re- 
flected by ordinary reflectors such as are used for reflecting light rays, etc., 
(see Fig. 434). 

The oscillator tube used to generate the exceedingly high frequency oscillations 
necessary for this type of communication system is of special interest. The tube, 
known as the Barkhausen-Kurz (B-K) type or micro-radion tube, is one in which the 
physical dimensions, rather than the electrical constants of the circuit attached, con- 
trols the frequency. In this tube, the filament is a straight wire, surrounded by a 
circular spiral coiled-grid, and ouUide of this, a curved cylindrical plate. The grid is 



682 


RADIO PHYSICS COURSE 


maintained positive and the plate is negrative. Electrons emitted by the cathode are 
attracted to the grid, many of them pass through it and come within the field of the 
plate. Since this is negative the electrons are repelled and again come to the grid 
field. Thus, one oscillation takes place in the time required for an electron to make this 
trip, which is a very short time. Therefore, the wavelength is a function only of the 
size and mutual position of the electrodes within the tube, and the voltages thereon, 
the tube is designed in such a way that all parts which act as coupling devices are 
exact ratios (in size and spacing) of the desired wavelength. A shield about one inch 
square protects the radiating parts of the tube from the field of the antenna. 

The antenna system for this ultra-short wave transmission system is 
very simple. In the transmission of 18 cm. rays across the English Chan- 
nel from Saint Margaret’s (Dover) and Calais, two double reflectors 
were used at each end of the system, one for transmission and one for re- 
ceiving from the other side. 

Fig. 434 shows the essential features of the system: The outgoing signals are 
applied to one of these special oscillator tubes, in which the high-frequency oscilla- 
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Fig 434 — Left Arrangements of the antenna, re- 
flector, and transmitter tube In an ultra- 
short wave transmitter System*. 


Right: How two radio beams can be transmuted side by side for 2- way simultaneous 
oomniuniratioii Interference between them is prevented by the narrowness of the 
beam, and the placement of the receiving reflector behind the transmitting reflector 


tions are generated. The tube is connected to the radiating system or doublet (see Art. 
231), which is about 2 cm. long, in contrast to the larger antenna systems usually em- 
ployed. The amplitude of this high-frequency current along the doublet at any instar^t 
is substantially the same. The doublet i.s situated at the focus of a paraboloidal re- 
flector some three meters in diameter. After concentration of the rays by the para- 
boloidal reflector into a fine pencil of rays, somewhat similar to light rays sent out 
by a searchlight, they are projected into space. In the reflector, the relation between 
the focal length and the diameter is so proportioned, as to insure maximum efficiency 
for the diameter used. 

In order further to increase the efficiency of the system by the prevention of 
radiation other than in the required direction, a hemi.spherical reflector is located at 
the opposite side of the doublet to the paraboloidal reflector and having the doublet at 
its center. This serves to collect all the radiations propagated in a forward direction, 
and to reflect them back again towards the source. The radius of the hemispherical re- 
flector is so chosen that when the reflected radiations reach the focus again they are 
in phase with those being radiated at that instant. It is estimated that the gain due 
to the paraboloidal reflectors on one channel is of the order of 46 decibels, to which 
the hemi.spherical reflectors add another 6 decibels. 

The receiver i.s a counterpart of the transmitter, except that no high-frequency 
measuring device i.s provided. That is to say, it comprises a doublet connected by a 
line to a tube similar in construction to the oscillator tube just described, where de- 
tection takes place. Paraboloidal and spherical mirrors exactly similar to those of 
the transmitter, are also provided for concentrating the received rays upon this doublet. 
The simplicity of the system is apparent. 

Since the radiations proceed in direct straigrht lines, they may be 
aimed directly toward the receiving station in a narrow beam, much as 
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a searchlight is aimed. Since the energy is all directed toward the re- 
ceiving station in a beam and not scattered or “broadcast” as in the usual 
transmission system, a given distance can be covered with much less 
power supplied to the transmitter. It is probable that this system will 
find commercial application for radio beacons and navigation purposes, 
for secret communication etc. Since the frequency band available in the 
quasi-optical ray band between only 10 and 100 centimeters is about nine 
times as great as in the whole ordinary radio broadcast band from 200 
to 600 meters, it is evident that this full band will permit the working of 
a very large number of transmission channels between nearby places 
without mutual interference or signals. Further developments are rapid- 
ly being carried on in this very interesting field of work. Quasi-optical 
rays are of course interrupted by any natural obstacles in their path, but, 
in free space they have great possibilities. Since they are directed in 
straight lines, they can be transmitted and received only between stations 
located rather closely together, due to the curvature of the earth’s surface. 
It is possible however, to transmit messages over long distances by relay- 
ings them through a number of stations located the proper distances apart. 

REVIEW QUESTIONS 

1. What is generally meant by the term “short waves”? 

2. What are the advantages of short wave transmission and recep- 

* • tion ? Disadvantages ? 

3. What is meant by “skipping” of short wave signals? Explain 
the. reason for this action. 

4. What is meant by “fading” of short wave signals? Explain its 
cause. 

6. E.xplain the relation between wavelength and frequency. What 
is the frequency of an 18 centimeter quasi-optical radiation? 
(100 centimeters = 1 meter). 

6. What is a waveband? What is meant by the expression that “a 
receiver can tune to a waveband from 10 to 200 meters”? 

7. Explain why either plug-in coils or a waveband-switching ar- 
rangement must be employed in short wave receivers to cover 
the tuning range from 10 to 200 meters, whereas in broadcast 
band receivers, a single coil and condenser in each tuned circuit 
will cover the tuning range from 200 to 600 meters easily. 

8. Why is a tuning condenser of small maximum capacity (about 
.00016 mf.) usually employed in each tuned circuit of a short 
wave receiver .' Why not use a .0003.5 mf. condenser as we do 
in broadcast-band receivers, and use coils of smaller inductance? 

9. Draw a circuit diagram of a battery-operated s.w. receiver hav- 
ing a regenerative detector and two transformer-coupled stages 
of a-f amplification. Plug-in coils are to be used. Explain the 
operation of each part of the receiver in detail. 

10 . Explain one method of spreading the tuning in a certain small 
band, over the complete 100 divisions of the tuning diaj. 
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11. What are “dead spots” in tuning? Explain their cause in the 
tuning of a s.w. receiver. How would you proceed to eliminate 
a dead spot occurring in the tuning of a certain receiver? 

12. What is the advantage of using a waveband-switching system 
in a s.w. receiver, instead of using plug-in coils? Has it any 
disadvantages? 

13. Draw a circuit diagram for a superheterodyne short wave re- 
ceiver and explain the action of each main part. 

14. A s.w. superheterodyne is to operate with an i-f of 650 kc. 
What must be the frequency range of its oscillator, if signals 
from 20 to 200 meters are to be received? 

16. What is the difference between a s.w. converter and a s.w. adap- 
ter? What are the advantages of each? 

16. Draw the circuit diagram for a single tube s.w. adapter and 
explain its operation in detail. 

17. Draw the circuit diagram for a single-dial a-c operated s.w. con- 
verter and explain its operation. 

18. Describe the “zero-beat” method of tuning a regenerative re- 
ceiver. Why is it called “zero-beat”? What are its advantages? 

19. Explain briefly what precautions must be observed in operating 
a s.w. receiver as regards, (a) method of tuning in stations; 
(b) regeneration control, if any is used; (c) time to listen.; (d) 
bands to listen in on at certain times of the day, etc." 

20. Why are short wave receivers usually more difficult to tune than 
broadcast band receivers are? 

21. A transmitting station in Madrid is on the air between the hours 
of 5 to 8 P. M., Madrid time. During what hours. Eastern 
Standard Time, should the owner of a s.w. receiver in New York 
City listen in for this transmission? 

22. What are quasi-optical radiations? Why are they given this 
name? 

23. Describe a simple beam transmitting system using quasi-optical 
radiations. What is the purpose of the reflectors? 

24. What are the advantages of transmission in the quasi-optical 
frequency range? 

26. What are the advantages of beam radio transmission? State 
two disadvantages which are important if it is to be used for 
radio broadcasting. How may one of these disadvantages be 
effectively eliminated? 



Chapter 32 

VACUUM TUBE APPLICATIONS AND PHOTOELECTRIC CELLS 

HIGH VACUUM TUBES — CIRCUITS FOR MEASURING, OR WEIGHING — THE THY- 
RATRON TUBE — THE PHOTOELECTRIC CELL — PHOTOELECTRIC CELL CON- 
STRUCTION — NEED FOR AN AMPLIFIER — PHOTOELECTRIC CELL AMPLIFIER 
CIRCUITS FOR RAPID LIGHT VARIATIONS — PHOTOELECTRIC AMPLIFIER CIR- 
CUITS FOR INTERMITTENT RELAY OPERATION — LIGHT SOURCES FOR PHOTO- 
ELECTRIC DEVICES — SOME COMMERCIAL PHOTOELECTRIC CELL CONTROL SYS- 
TEMS — PHOTO-VOLTAIC CELLS — RADIOVISOR BRIDGE LIGHT-SENSITIVE CELL 

REVIEW QUESTIONS. 

571. High-vacuutn tubes: While the use of 3, 4 and 5-electrode 
high-vacuum tubes operating on the thermionic principle is common in or- 
dinary radio work, both these and other special forms of vacuum tubes are 
employed in a variety of non-radio uses. While lack of space does not per- 
mit description of all of these, a few of the more common ones will be 
described. New uses are being found for these tubes in industry almost 
every day. Vacuum tubes may be classified according to, (a) the number 
of elefctrodes; (b) the content of the bulb, which may be high vacuum, 
gas, or vapor; (c) nature of the fundamental electrode, the cathode, which 
p\fiy be thermionic, photoelectric, mercury-pool, or cold. 

The ordinary forms of high-vacuum tubes which we have studied 
have very desirable characteristics for radio work, but they have certain 
serious limitations. Probably the most important of these, is the high 
power loss within the tube. Part of this loss is represented by the power 
required to heat the cathode to the point where electron emission takes 
place; this ranges from about 10 to 150 watts per ampere of plate cur- 
rent passed through the tube. Another limitation arises from the fact 
that since the path from the cathode to the plate has a very high resist- 
ance, from several hundred to about one thousand volts-per-ampere is 
required to force the current across this space within the tube. 

From these facts it will be seen that plate currents of more than a few 
amperes cannot be handled economically by means of this type of tulw. 
Therefore, it is apparent that in the industrial field the most promising 
applications of the high-vacuum tube are in various control operations 
where the useful factor is the unique characteristics of the tube, (such as 
amplifying or rectifying properties, e^^c. ) , rather than its output. 

572. Circuits for measuring, or weighing: Ordinary forma of vac- 
uum tubes are used extensively in industry for precision measurement of 
thickness, and for weighing. In most of these systems, the principle of the 
regenerative receiver using the “zero beat" tuning method is employed, 
(Art. 667). 
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An oscillator is used to supply a signal of constant frequency. A regenerative de- 
tector circuit is tuned to resonance with this by the “zero beat” method. The tuning con- 
denser in the grid circuit of the detector controls the frequency of the oscillations 
generated by it. Part of this tuning condenser consists of a special 2 plate condenser, 
whose mechanical separation and material between the plates determines its capaci- 
tance. The condenser is constructed so the distance between these plates is the dis- 
tance which is to be measured, (or the weight on one of them is the weight to be 
measured). Any slight change in the distance between the plates changes the capacity. 
This charges the frequency of oscillation of the detector, and consequently changes 
the frequency of the beat-note produced between it and the local oscillator. By means 
of a suitable indicating device in the tuned circuit, this may be indicated. The instru- 
ment is first calibrated with samples of known thickness or weight. Let us consider 
its application to the measurement of the thickness of paper produced in a mill. If a 
strip of the paper in the mill, is passing continuously between the plates of this con- 
denser, and the circuit is adjusted to bring the tuned circuit to a point just off the 
resonance peak, then any variation in the capacity of this fixed condenser as a result 
of variation in thickness, weight, or dielectric constant of the paper, will produce a 
change in the capacitance which will in turn change the beat-frequency. The pointer 
of the indicating meter will then swing away from its central position, the direction 
depending on whether there is an “increase,” or a “decrease,” in the weight or thickness 
of the material of which the moving strip is made. This principle is used in paper- 
thickness testers, precision gauges, etc. 

573. The thyratron tube: A tube designed to overcome the char- 
acteristic of large ‘‘powder-loss’* inside the tube, is known as the thyratfon 
tube. 

Its striking characteristics are the greatly decreased amount of power required 
to heat the cathode, and a marked reduction in the large voltage drop characteristic 
of the high-vacuum tube. This is brought about by the introduction of a slight amount 
of mercury gas or vapor into the bulb, the positively -charged vapor or £:as molecules 
mingling with the electrons and neutralizing the space-charge This neutralization of 
the space-charge makes possible a very different design of hot cathode. The thyra- 
tron tube is really a development of the hot-cathode type mercury vapor rectifier *\nd 
contains in addition a “control electrode.” Instead of utilizing what might be termed an 
open-type cathode permitting the electrons to leave the hot surface easily, there may 
be used an enclosed-type cathode with just a few holes through which the stream of 
neutralized and negative ions may pass. This means that the heat may be kept within 
and conserved, whereas the electrons and positive ions may be allowed to travel to the' 
anode. This is accomplished by surrounding the hot cathode with heat insulation and 
heat reflectors with only relatively small holes for the passage of the current. The 
resultant power-loss is only about one watt per ampere of current through the tube, 
compare this with the 10 to 150 watts-per-ampere power-loss in the high-vacuum tube. 

Also, neutralization of the space-charge eliminates the high voltage necessary to 
pass the current through the space; and instead of a large voltage increasing with the 
amount of current to be carried there is a constant-voltage drop of from 10 to 20 volts. 

As a result, a thyratron tube built to about the same physical size as the common 
UX-250 high-vacuum tube, and costing about the same amount to manufacture, will 
handle about 60 times as much current as the latter. It is apparent therefore, that 
the gaseous type of electrostatically-controlled tube is much better suited to the 
handling of relatively high currents common in the broad field of electrical engineering 
than is the controlled high-vacuum type. 

Nevertheless, a thyratron tube has certain limitations; the high-vacuum type can 
handle currents up to a frequency of one million cycles per second, whereas the thyra- 
tron in its present form is limited to a few thousand cycles per second. 

The thyratron tube may be used as a rectifier for changing large 
amounts of a-c current to d-c. A rectifier circuit of this type is shown at 
(A) of Fig. 435. 

With the larger thyratrons, polyphase circuits are usually employed 
in order to minimize the amount of filter required for smoothing and to 
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attain the usual advantages of such circuits. A single-phase controlled 
rectifier circuit is shown. 

Another fundamental application principle is the inverter. This 
changes direct current to alternating current and may be either separate- 
ly-excited or self-excited, depending upon the source of power applied to 
the grids. 

There are several types of inverters, but the general principles are similar. In 
every case, d-c voltage is applied to the plate of the tube and the grid is supplied 
with the frequency it is desired to obtain, or else from a circuit tuned to this fre- 
quency. In this respect,^ an inverter may also be considered as a thyratron amplifier 
or oscillator. The function of the tubes is to commutate, or in other words, perform 
a switching operation. In all inverters, some form of power storage is necessary in 
order to supply power during the commutation period. This may be in the form of 
static condensers, or a power system with leading power factor, or in rotating appara- 
tus. 

The fundamental action is simple and may be illustrated by the diagram at (B) 
of Fig. 436. The plates of both tubes are positive. Assume that the grid of the 



Pis 435 — (A) Controlled atnsle phase rectifier and filter circuit using two thyrairons. 

^ (B) A single phase Inverter changing d-c to a-c employing two thyratron tubes. 

«• * 

upper tube is positive. Current will flow from the positive d-c source, through the 
transformer, to the negative d-c line by way of this tube. The grid of the lower tube 
is negative and allows no current to pass. The condenser is charged with the poten- 
tial drop across the output transformer, due to the current flow in the upper half of 
the winding, the upper terminal becoming negative and the lower positive. Toward 
the end of the cycle the grids exchange polarity. This has no direct effect on the cur- 
rant flow through the first tube, but allows current flow through the second, which 
*in effect connects the lower side of the condenser to the negative lead. This places a 
negative voltage of short duration on the upper plate, allowing the upper grid to re- 

5 am control. As this action continues, voltage is generated in the output winding. 
iS with the controlled rectifier, the usual power applications would be polyphase. One 
interesting radio application of the thyratron inverter has been its use for convert- 
ing 110 volts d-c into a-c, in order to make it possible to operate standard types of a-c 
tube electrically-operated radio receivers from 110-volt d-c lighting circuits. 


It seems probable that the rectifier and inverter application of the 
thyratron will revolutionize the power transmission field. Long distance 
power transmission has been carried on mostly by means of alternating 
current. It is now possible to generate the electrical power at high volt- 
age in a-c generators, step it up to very high a-c voltages with transform- 
ers, rectify it to very nigh-voltage d-c by thyratron rectifiers, transmit 
it over the lines as d-c, convert it to a-c at the end of the line, step it 
down to normal voltages with transformers, and distribute it in the regu- 
lar way as low-voltage a-c. The advantages of a system of this type will 
he apparent frgm the following consideration. 

Every altcfma ting-current line today has to be provided with extra insulation to 
withstand the momentary voltage peaks during each cycle — that is, has to be insulated 
^or 1.41 times the nominal alternating-current voltage. Substitution of direct current 
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iiiBtemd of alternating current therefore would at once make it possible to raise the 
direct-current potential up to the full existing insulation of the line, — reducing the 
current in the ratio of 1.41 to 1 (for an equivalent amount of power transmitted), 
and so'* dividing the energv losses by about 2 {T^ = (1.41)2 ~ 2). 

But the chief difficulty experienced in loading alternating-current transmission 
lines to their full current-carrying capacity, lies in their impedance, which, amount- 
ing to several times the ohmic resistance, results in excessive voltage drop and wide 
swings in terminal voltage with load changes. To avoid such voltage regulation 
troubles a-c lines can usually be operated at only a fraction of their actual total cur- 
rent-carrying capacity. 

But with direct current, the full current capacity of the line can be utilized, and 
this gain, together with that resulting from use of the full insulation voltage, means 
a total advantage of three to six times in power-transmission capacity for direct cur- 
rent as against existing alternating-current lines. 

For example, a certain 200,000-volt line transmits 60-cycle alternating current 
200 miles into a leading large city. Were this line converted to direct current, the 
eodsti^ insulation would safely withstand a direct-current potential of 280,000 volts. 
And since with direct current, reactance vanishes, while the ohmic loss diminishes with 
the square of the voltage ratio, it becomes evident that from three to six times as 
niuch power could be transmitted, with comparable performance, at 280,000 volts 
direct current as at 200,000 volts alternating current. Thus, the introduction of con- 
verter and. inverter tubes would create the equivalent of two to five additional trans- 
mission lines, like that already built. 

S74. The photoelectric cell: During the discussion of electron 
emission from solid bodies, in Article 265, it was mentioned that an elec- 
tron emission may be produced when light rays of certain frequencies or 
colors are allowed to fall on certain materials, as shown at (E) of Fig. 
189. Article 265 should now be reviewed very carefully. The niodern 
photoelectric cell is used in many commercial alarm, control, sorting, 
and sampling devices, and has been responsible in a large measure for 
the advances made in the art of television. , . 

All photoelectric cells depend for their operation on the principle 
that certain metals, particularly those of the alkali group, have the prop- 
erty of emitting electrons when light rays shine on them. These metals, 
include sodium, potassium, lithium, rubidium and caesium. 

Under ordinary conditions, when the surface of the metal is exposed 
to the air, the emission of the electrons is interfered with by the presence 
of the larger air atoms. If the metal is put in a vacuum, and a beam of 
light is then allowed to fall on it, the electrons are free to be thrown off 
into the space surrounding the metal, and the number of negative electrons 
emitted per second is proportional to the intensity of the light applied. 

If some form of electrode kept at a positive potential is put in the vac- 
uum with this illuminated metal, the emitted electrons will be st- 
tracted to it and a plate current will flow, as in the case of a vacuum tube. 
The electrons will continue to be given off and the current due to them 
will continue to flow just as long as the light is shining on this metal. 
As soon as the light is cut off, the electron flow stops and the plate current 
also stops. The current flow will be proportional to the intensity of the 
light applied to this “active" or “photo-sensitive" metal. 

T^re are really two types of photoelectric cells; one is the vacuum type, and 
the otter is the gaseous type. In the vacuum type, the space between the photo- 
sensitive substance and the anode or plate, becomes conducting due to the pure elec- 
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tron discharge from the substance. In the gaseous type, which is used extensively in 
television and sound picture work, there is admitted to the cell during its construction 
and after a high vacuum has been created, a very small amount of one of the rare 
gases such as argon, neon, or helium. Such gases, when subjected to the bombard- 
ment of the electrons that are released from the photo-sensitive material when the 
cell is subjected to light rays, become ionized due to their atoms being struck by these 
rapidly moving electrons. The electrons released from the gas atoms by the ionization 
separate^ from their atoms and go to the plate, thus increasing the number between 
the sensitive material and the plate, and so increase the current flowing. This makes 
these cells more sensitive to the light. We may regard photoelectric cells as perfect 
insulators in the dark, and partial conductors when exposed to light. 
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Fig. 436— Left. Photoelectric cell employing a wire-hoop plate inside. This connects to a 
prong on the ba.se The sensitive coating on the inside of the gla.ss bulb connect* 
to the cap on top The window in the bulb is plainly visible 

Right. A type of photoelectric cell used in sound picture work. The sensitive coat- 
ing is on the inside surface of the curved strip of rnetal. The “aaode” or “plate” 
is the rod at its center. The two connections are brought out at the bottom. 

575. Photoelectric cell construction: Two forms of photoelectric 
cells are shown in Fig. 436. The one at the left has the bulb mounted on 
a standard 4-prong vacuum tube base, with the wire-hoop plate or anode 
visible at the center, connected to the usual “P” prong. This anode cannot 
be in the form of a wide, solid plate since it would interfere with the light 
shining on to the sensitive material. Therefore, it is made’in the form 
of a hollow hoop. The inside surface of the glass bulb is coated with a 
deposit of metallic silver, except for the small round window or clear 
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space, through which the light is to enter. This window is visible in the 
illustration. A part of the interior surface of this silver coating is cov- 
ered with a finely divided form of one of the alkali metals already men- 
tioned, or one of their compounds. This acts as the cathode, and makes 
contact with the silver coating which is connected to the metal cap on top 
of the glass bulb for connection purposes. This is a gas-hlled cell de- 
signed for use in television transmitting equipment. 

The cell at the right is an improved form designed for use in sound 
picture projection work. It is of the gas-filled caesium-oxide type, and 
has a high sensitivity. The light-sensitive caesium-oxide is coated on the 
inside surface of the semi-cylindrical metal sheet. Electrical connec- 
tions to the cell are made by means of the two wires shown extending 
from the Bakelite base. The “positive” rod-type “anode” or “plate” is 
visible mounted inside of the curved coated-metal sheet. It is claimed 
that with this construction, a cell of longer life and greater sensitivity is 
produced. 

The active materials used in photoelectric cells are usually the hydrides or oxides 
of the materials already mentioned. The hydrides and oxides are more light-sensitive 
than the pure metals, hence are most commonly employed. The sensitivity of the kell 
to light rays of different colors, depends on the material used. For exampl* , a gas 
filled cell with a cathode of potassium hydride is very sensitive to visible light with 
its peak of sensitivity in the blue light region at about 4,500 angstrom units (see the 
photoelectric spectrum at the lower left of Fig. 163). The caesium cell is sensitive 
to both visible light and to infra red radiations, and is therefore particularly adapted 
to use with a light source consisting of a standard mazda lamp. Other materiarts are 
sensitive chiefly to ultra-violet radiation. A cadmium cell with a quartz window, is 
sensitive to the wavelength band of light between 2,000 Angstrom units and 3,000 
Angstrom units. 

576. Need for an amplifier: Possibly the most simple type of 
photoelectric cell circuit is shown in Fig. 437. 

Here a source of light at the left shines into the window in the cell, on to the 
active material P (cathode) coated on the inside of the glass bulb. The anode A at the 
center is kept at a positive potential with respect to the cathode, by connecting it to’ 
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Fjk 437 — Simple photoelectric cell circuit 
arrangetneni in which the in- 
tensity of the light shining 
through the window W on to 
the photo-sensItive material P 
of the cell is indicated by the 
reading of the mlcroammeter 
in Its circuit The anode or 
"plate" Is at "A." 


the positive terminal of the battery as shown. Light shining on the active material 
causes electrons to be emitted. These are attracted by the positive anode, and there- 
fore we have a flow of electrons around through the circuit. This constitutes electric 
current. Its strength depends on the intensity of the light showing on the cell. 

Photoelectric cells are usually employed to indicate or measure 
changes in the intensity of the light coming from the source. Since the 
operating current of either a vacuum or gas-filled type of photoelectric 
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cell is very low as compared to, say an ordinary amplifier vacuum tube, ije., 
on the order of a few microamperes (millionths of an ampere), a micro- 
ammeter is shown as the current measuring instrument in Fig. 437. Al- 
though it is possible to construct a relay that will operate on such minute 
currents, it is not as a rule very practical. The variations in the current of 
the photoelectric cell may easily be amplified greatly by one or two stages of 
thermionic vacuum tube amplification. The amplifier circuits used are of 
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Fiff. 438 — Left. A simple amplifier circuit for amplifying any rapid current variations In the 
photoelectric cell caused by changes In the intensity of the light shining on it. 

Right* The circuit of an a-c electrically operated combination sound head and 
sound head amplifier unit employed In sound picture work. The output of this is 
, amplified further by an additional power amplifier. 

e 

two general types. In one type, employed extensively in sound picture 
and television work, the rapid variations in the light are translated into 
amplified voltage variations. In the other type, the changes in the light 
are made to produce plate current changes sufficiently great to operate a 
suitable relay. 

* S77. Photoelectric cell amplifier circuits for rapid light-varia* 

tions: A form of amplifier which is adapted to amplify the rapid 
changes of photoelectric cell current produced by rapid changes in the 
intensity of the light shining upon it, is shown at the left of Fig. 438. This 
type of amplifier circuit is used extensively in television and sound pic- 
ture work. 

The photoelectric cell is really in series with the “B” battery, which acts as a 
polarizing battery to keep its plate positive. A 1 mfd. condenser shunts the ‘‘B” 
battery. Also in series with this circuit is the high resistance R^, the voltage drop 
across which, is to be utilized. This is coupled to the grid of the tube, through a 
blocking condenser Cj, and a grid leak R 2 in the regular fashion used in resistanc!^* 
capacity coupled amplifiers. This tube should have as low a mu as possible when high 
frequencies are to be amphiied. If the light shining on the cell varies, the current 
flowing through it also varies. Since this current flows through resistor Rj and there- 
fore produces a voltage drop across it, this voltage drop will vary correspondingly. 
This varying voltage existing across Rj is communicated to the grid of the tube, which 
RRiplifies it. This may be followed by another amplifier tube coupled to^ the first, as 
thown in the amplifier circuit at the right. 

Ri should be as large as possible in order to have a large voltage-drop available, 
ft must not be made too large, however, as then an appreciable variation in voltage 
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drop will result and thus affect the positive potential applied to the cell and possibly 
produce distortion. A low value of helps the high-frequency response at the tube 
end. Of course, all wires should be as short as possible and run free from other wires 
and apparatus. should be supported by its connecting wires in air to prevent 
leakage of current. 

Upon leaving this first amplifier, the impulses can be amplified in several successive 
stages to the desired extent. In television this is one of the difficult phases, because 
generally the initial impulses are so very small that an enormous amount of ampli- 



Fisr- 438A — Left. A typical photoelectric cell amplifier used directly at the cell In television 
work. 

Risht* A typical audio amplifier designed to amplify uniformly all frequencies from 
16 to 30,000 cycles. This is also useful In television work. 

fication is required, and tube noises become important. Also, as -ve shall see later, the 
amplifier must have a perfectly flat characteristic over a very large frequency-range. 

A complete a-c operated amplifier circuit of this type used in sound 
picture work is shown at (B) of Fig. 438. Notice that two stages of am- 
plification follow the photoelectric cell. The values of all circuit constants 
are given. Ti and Tz are high-grade audio transformers. The 10 meg. grid 
leak may be made up by connecting five 2-meg. leaks in series. Care should 
be taken to suspend it in the air to prevent leakage. The output of this am- 
plifier is fed into a large power amplifier for operating the large loud speak- 
ers in the theatre. We will study sound picture systems later. A S-stage 
resistance-coupled amplifier designed especially to amplify uniformly a 
band of audio frequencies from 15 to 30,000 cycles is shown following a 
photoelectric cell used in television work, at the left of Fig. 438A. 

578. Photoelectric amplifier circuit for intermittent relay opera- 
tion: In many commercial applications of photoelectric cells, it is de- 
sired to have changes in light intensity cause the cell to operate a relay, 
which in turn opens and closes a separate circuit in which a counter, 
alarm, indicator device, etc., may be connected. Two amplifier arrange- 
ments are commonly used in this work. In one, an increase in current 
through the relay results when the light intensity increases. In the other, 
a decrease in the relay current results. Photoelectric cells used in relay- 
operated circuits in industrial work are often referred to by the somewhat 
abbreviated term phototube. 

A simple vacuum tube amplifier circuit may be changed to a phototube amplifier 
by simply connecting the anode (plate) of the phototube- to the plate of the amplifier 
tube, and the cathode (sensitive surface), to the grid, and adding a grid resistor. A 
simple battery-operated circuit of this kind is shown at the left of Fig. 439. As long 
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as the phototube is dark, the circuit conditions remain unchanged and the plate current 
will be determined by the grid-bias potential placed on the tube by the grid-bias bat- 
tery and the setting of the 10,000 ohm potentiometer. As soon as light strikes the 
phototube, an additional very small current flows through the phototube and the rest 
of the circuit, as indicated by the heavy lines. Notice that this current flows through 
the high-resistance grid resistor R. This current flow produces a voltage drop across 
it (equal to l^R), and since the current flows downward, point A will be at a higher 
potential than point B. (Current flows in a circuit from a point of higher potential 
to one of lower potential), i.e., the negative bias effective on the tube has been reduced. 
Therefore this voltage drop results in making the grid less negative, and so its plate 
current is increased. The increase in the plate current of the amplifier tube is much 
greater than the increase in current through the phototube, due to its amplifying 
properties. If the relay connected in its plate circuit is properly adjusted, it may 1^ 
made to open or close an auxiliary circuit when the plate current increases due to 
light shining on the cell. 

It is important to note that the phototube current is quite small, and in order to 
produce a voltage drop large enough to secure the desired change in grid voltage, the 
grid resistor must have a very high value — from 10 to 200 megohms. The higher 
values of resistance result in a very sensitive amplifier but which is also quite critical 
and unstable. Leakage across tube sockets and other insulation becomes a considerable 
factor for very high grid resistors. A comparatively small amount of electrical leak- 
age will conduct as much as a 100-megohm grid leak and thus upset the operation 
01 the entire circuit. A compromise must be made between sensitivity and stability. 
A value of 50 to 60 megohms (which may be obtained by connecting 5 or 6 ten-megohm 
gria leaks in series) will be found to be a good value to use. 

In order to make intelligent use of a phototube amplifier circuit, a milliammeter 
may be used in the plate-circuit of the amplifier tube. Although the current range will 
depend somewhat on the type of amplifier tube used and its plate voltage, a meter 
with a 0-26 milliampere scale will probably be found to be about the correct size. 

It«will also be found very convenient to connect a 10,000- or 15,000-ohm potentio- 
meter across the grid-bias battery, and to connect the grid resistor to its movable 
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439 — Left: Simple battery-operated am- 
plifler circuit for use with photo- 
electric cell and relay. This is 
arranged so that the plate current 
shines on the cell 
Rlffht: Another ampl «ler circuit in 
shines on the cell. 



of iho ainpliher lube “incre.ases” when the light 
which the plate current "decreases” when light 


arm. This will provide a convenient means of adjusting plate current. This poten- 
tiometer should be of the wire-wound type. A grid voltage should be used which will 
result in a plate current very near zero when the phototube is dark or out of its socket. 
The amplification will be materially reduced if a greater bias voltage 4s used than 
necessary. 


A 2-stage transformer-coupled amplifier of this type, for producing stronger im- 
pulses is shown at the right of Fig. 439. When the phototube is exposed to light, a 
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current flows through the grid resistor of the first amplifier tube in exactly the same 
manner as in the single stage amplifier. This makes the grid more positive and results 
iu a plate current increase. The increase in plate current flowing through the pri- 
mary of the audio transformer, induces a voltage across the secondary which is applied 
to the grid circuit of the second tube and is amplified, causing a much larger change 
in the plate current of the second tube. This current flows through the relay and 
operates it. 

While battery-operated amplifiers are used in many cases, it is fre- 
quently more convenient to operate a photoelectric cell and its amplifier 
from an a-c voltage source than from “A” and B batteries. The char- 
acteristics of the circuits given for battery operation are not appreciably 
changed if the amplifier tube filament is supplied with alternating current 
and the plate and bias voltages are supplied from any standard “B'* elim- 
inator. A circuit that is satisfactory for many applications, although 
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Fig. 440 — L<*f( An n-c operated photoelectr u* lube amplifier circuit in which an '‘mcrease” 
of illumination cau^ea an "increase” in the plate current of the amplifier tube. 

Right An amplifi#»r circuit In which an "increa.se” of illuminaiion causes a "de; 
crease" in the plate cuirent 

Bottom A diagraniniatif’ sketch of a .‘:imple optical sy.stem for use with a photo- 
electric cell The light source rray be a simple automobile headlight bulb 

somewhat less sensitive, may be obtained by utilizing “raw’' alternating 
current as a plate and grid-bias supply. When an a-c potential is im- 
pressed on a cell and its amplifier, an appreciable current will be con- 
ducted only during a portion of alternate half cycles — the result is natur- 
ally a lower sensitivity than that obtained in a circuit where the current 
is flowing continuously. 

An a-c operated phototube amplifier circuit arranged to produce an mcrease 
in the amplifier tube current, when the light on the phototube is increased, is shown 
at the left of Fig. 440. Notice that it is similar in most respects to the battery-oper- 
ated circuits already considered. The operation of the circuit may be better under- 
stood if it is remembered that the devices operate only during the periods when the 
•nd of the transformer connected to the amplifier tube plate circuit has a positive 
polarity, so as to make the plate positive. When light strikes the phototube, a current 
flows through the circuit, indicated by the heavy lines. This current, flowing through 
the grid resiaJtor, makes the grid more positive and causes a rise iu the amplifier plate 
current and operates the relay. 

Unless some precaution is taken, the same type of relay that is used in the plate 
circuit of a d-c operated amplifier, cannot be used with an a-c operated amplifier. 
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Since a-c voltac^ is being applied to the plate circuit, the plate current is flowing 
only auring: half of each cycle, and even then does not reach a steady value. The 
relay will attempt to follow the current variations, which will result in a pronounced 
“chatter . This condition may be prevented by connecting a fixed condenser across 
the coil of the relay, of about 2 or 4 mfds. This condenser will become charged while 
current is flowing and then will discharge into the relay coil when current is not flow- 
ing, thereby holding the relay closed during the portion of each cycle when current 
is not flowing. 

Another method of accomplishing the same result, is by the use of a “lag-loop“ 
type relay, such as is illustrated at the left of Fig. 443. This type of relay is fitted 
with a heavy short-circuited turn of copper which has “eddy-currents“ induced in it 
by the magnetism of the relay. The fields created by these eddy currents tends to 
prevent the collapse of the magnetic flux in the core of the relay during each half 
cycle, and so prevents “chatter” The fact that this type of relay remains closed for 
a fraction of a second after the current is shut off, may or may not be a disadvantage, 
depending upon the characteristics of the device to be operated by the relay. 

An a-c operated circuit arranged so that a decrease in the phototube 
illumination will cause an increase in the amplifier tube plate current, is 
shown at the right of Fig. 440. The only difference between this circuit 
and that at the left is that the phototube is so connected that its current 
flows through the grid resistor in the opposite direction from that in the 
arrangement at the left. Therefore an increase in the phototube current 
now makes the grid more negative, and so causes a decrease in the ampli- 
fier tube plate current, as long as the phototube is illuminated. 

The plate and bias voltages in these circuits will depend on the characteristics of 
the make of tj;ie phototube used, as well as the maximum amount of plate current re- 
quired to operate the particular relay employed. An increase of plate voltage accom- 
panied by a proportionate increase in bias voltage, results in a higher maximum plate 
current. However, the plate voltage must be limited to the ratings of the tubes used. 

579. Light sources for photoelectric devices: In order to em- 
ploy a photoelectric cell for useful purposes, it is necessary to furnish a 
suitable source of light, and consider proper methods of directing the light 
6n the cell in order to make it accomplish the particular services required. 

In many photoelectric cell applications, the operation is accomplished by the in- 
terruption or partial interruption of a light beam from an artificial source. In select- 
ing this, it should be remembered that it is only necessary to direct a small but intense 
spot of light through the “window” of the light sensitive tube. An incandescent 
lamp produces light from a heated filament. The filament is heated to practically the 
same temperature for any bulb, from the smallest to the largest. If the image of the 
filament of a large bulb is concentrated on a phototube, it simply produces a larger 
spot of light of about the same intensity as a much smaller bulb. This of course 
means that usually, nothing is gained by using a large bulb as a light source. An 
ordinary 21-candle power automobile headlight bulb makes an excellent light source 
for this purpose, since it produces an intense concentrated light. 

If the bulb is simply placed in the open, a sufficient light intensity for satisfactory 
operation will not reach the phototube except for extremely short spacings between the 
phototube and light source. For greater distances, a parabolic reflector, or simple 
convex lens placed at a distance from the bulb equal to its focal length, will concentrate 
the light into approximately parallel rays. If the scheme is to work for distances 
more than a very few feet, it will also be necessary to use an additional lens in front 
of the phototube to collect and concentrate the light on the phototube. An optiMl 
system of this kiivi is shown at the bottom of Fig. 440. Plano-c^vdx or douUe- 
convex lenses (2 to 6 inches in diameter) of a focal length of *rom two to six inchM 
will be found satisfactory. A cheap “reading glass” will generally meet these specifl- 
catioBs. 
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The lens in front of the light source should be so placed that a sharp image of its 
filament will be thrown on a Hat surface at about the same distance as it is expected 
to work the phototube. It will be found that the distance from the bulb to the lens 
is the focal length of the lens, except for extremely short operating distances. The 
collecting lens in front of the phototube should be similarly placed at its focal length 
so that the collected light is tocused on a small, intense spot on the cathode of the 
phototube. 

580. Some commercial photoelectric cell control systems: The 

variety of commercial applications of photoelectric cells in control devices 
is so varied that no attempt can be made to explain them all here. A few 
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tra\el alonp on the conveyer belt 


Ki>?ht A .sorting? devue employ- 
ing: .1 photoelectric cell for .sort- 
intf li^ht .ind tl.iik objects (See 
Kip 442 ) 
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typical applications will enable the reader to see just how the cell is ap- 
plied, and will po.ssibly enable him to think up further applications. 

Photoelectric cells are used extensively for automatic counting of objects. When 
applied in this way, the light beam usually is arranged to be interrupted by the pas- 
sage of the objects to be counted. These may come along on a conveyor belt, etc. The 
interruptions of the light beam, cau.se the relay in the plate circuit of the amplifier 
tube to close an auxiliary circuit each time. This auxiliary circuit may contain an 
electrically-operated counter device. An arrangement of photoelectric cell, amplifier 
and counter, to count lamp bases as they interrupt a light beam in passing along a 
conveyor belU after having been produced in the automatic machine, is shown at the 
left of Fig. 441. The light source is at the left in the small enclosure having a handle 
on the cover. The beam of light is projected across the conveyor belt to the photo- 
electric cell in the rectangular box on the right — which also contains the amplifier 
and counter. 
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. . The passa^ of each lamp base, a few of which are shown on the conveyor belt, 
interrupts the beam of light and actuates the counter. A similar scheme may be used 
to count other objects or vehicles passing on a highway, bridge, or tunnel, only in this 
““ the light IS usually projected vertically. Systems of this type may also be used 
for automatic fire detection, and alarm and sprinkler systems, where the presence of 
smoke reduces the light falling on the photoelectric cell and causes a relay to operate 
the nre alarm and sprinkler system. Excessive exhaust gas fumes and smoke caused 
by automobiles in a vehicle tunnel are detected in the same way, the cell circuit oper- 
ating proper relays to start up the ventilating fans. Burglar alarm systems can 
also be operated in this way by arranging the light (preferably an invisible ultra-violet 
or infra-red light source) so the pas'Sage of a burglar interrupts it and operates the 
relay for the burglar alarm system. 

Small objects having a decided difference in light-reflecting qualities 



Fig 442 — The simple optical system employed 
in the sorting device at the right 
of Fig. 441. The light rays from a 
lamp are focussed on to the surface 
being tested, by a lens. The re- 
flected light acts on the photoelectric 
cell 


may be sorted by photoelectric means by the use of a simple optical system 
aa flhown in Fig. 442. 

The articles to be sorted may be placed on a conveyor belt and moved into the spot 
of light. Those articles which reflect a considerable amount of light, will illuminate 
tjjie phototube sufficiently to cause the operation of a relay, which may be caused to 
operate an electromagnet so arranged that it will discard such objects; while others 
having a dull or dark surface, will not reflect light so readily and will pass through. 
A d-c or properly rectified voltage supply is necessary for schemes of this kind. 
The setup of a typical commercial sorting device of this kind is shown at the right of 
Fig. 441. It should be noted that such a device can only be readily constructed to 
sort objects having a considerable difference in reflecting ability. Special arrange- 
ments are required if it is desired to distinguish between articles having a somewhat 
smaller difference in light-reflection ability. 

Photoelectric light intensity meters, and color analyzers, in which 
photoelectric cells sensitive to different colors and a suitable color Alter 
system are used, are employed extensively in many lines of work. At the 
left of Fig. 443 is shown a lag-loop type of relay used in the plate circuits 
of a-c operated amplifier systems, and at the right is a typical commercial 
form of compact photoelectric amplifier unit. The small photoelectric cell 
is at the right and the amplifier tube is at the left. ^ All necessary coupling 
®nd circuit parts for the amplifier are contained in the box below. The 
particular applications of photoelectric cells in television and* sound pic- 
ture work will be treated in detail in the following chapters devoted to 
these subjects. 
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581. Photo-voltaic cells: Another type of light sensitive phen- 
omena is that property which certain materials have of generating a volt- 
age when light shines upon them. This is termed the photo-voltaic effect, 
and this property is exhibited by certain materials, notably copper oxide. 
This type of cell has generally been considered to be somewhat sluggish in 
its response to rapid changes of light intensity, but certain improved forms 
have been developed, that have partly overcome this difficulty. The ad- 
vantage of this type of cell is that since it actually generates a voltage, in 
most cases the usual amplifier is unnecessary with it, the cell operating a 


Fig 443 — Left A "lag-loop” type re- 
lay suitable for use in the plate cir- 
cuits of a-c operated photoelectric 
amplifiers The flat armature at the 
right end is attracted by the magne- 
tised core. This pushes up the con- 
tact arm of the switch at the upper 
left, to close the auxiliary circuit 


Right- A commercial photoelectric 
amplifier unit. The photocell is at 
the right and the amplifier tube is 
at the left All necessary circuit 
equipment is in the base. 
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relay direct. Even if an amplifier is necessary, it need not have as many 
stages as that required for use with the vacuum or gas-filled types of pho- 
toelectric cells just described. 

582. Radiovisor bridge light-sensitive cell: A new type of light- 
sensitive cell sold under the trade name of “Radiovisor Bridge”, has been 
introduced in the United States, although originally developed and pro- 
duced in England. It employs a special form of the element selenium for 
its operation. 

possess the peculiar characteristic of changing 
(decreasing) its resutance when subjected to the action of light rays, but the forms 
of sejenium cells heretofore produced have had the serious disadvantage of being 
sluggrish in their action. The tune required for the current flow through an ordinary 
setenium cell to reach its maximum value when the device is illuminated, is of the 
seconds. The current decrease when the source of illumination 
IS cut off, IS similarly sluggish. This feature, more than any other, has been respon- 
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gible for its very limited Application, since it is not capable of satisfactorily respondng 
to rapid light variations. 

In the new selenium-type Radiovisor Bridge, this limitation has been 
overcome by a special construction, and the resistance changing action 
of the cell is so rapid that it is capable of responding to interruptions or 
variations of illumination occurring as rapidly as 10,000 per second. 



Courtesy The Burgess Battery Co. 


The Burgess Radiovisor Bridge consists of a 
tall, tubular glass bulb with a three-prong base as 
shown in Fig. 444. Inside the bulb is a flat plate 
occupying the center and supported by two heavy 
lead-in wires. The plate is of glass, upon the front 
side of which are two interlocking comb-like grids 
or electrodes of gold, fused in place. These grids 
or electrodes are covered with a thin enamel of 
special composition the conductivity of which 
changes with the amount of light falling on it, there- 
by providing a light-sensitive cell. The active sel- 
enium enamel is spread as a film of the almost 
infinitesimally small thickness of about .0025 cen- 
timetei's. This thin layer makes it possible to 
employ the entire mass, having an active surface 
about % by 2 inches, for useful purposes, thereby 
minimizing any useless shunt capacity which might 
reduce the sensitivity of the bridge. The result is 
a cell that is claimed to handle many times the 
current of the usual photoelectric cell, that is highly 
responsive to light variations, that does not fatigue 
in continuous use and that does not deteriorate even 
after long service. 

Due to the appreciable amount of current that 
can be passed through the Bridge, as contrasted 
with the very limited current passed by the usual 
photoelectric cell, it becomes possible to utilize sim- 
ple, practical and quite inexpensive circuits with this 
Bridge, thereby multiplying many-fold the possi- 
bilities of light control. The Bridge can operate 
a relay direct, for controlling a circuit handling a 
few watts of electrical energy, while a second relay 
provided with a novel form of vacuum contact per- 
mits of handling several hundred watts for serious 
work. For more intricate applications, vacuum 


Fig. «4-A Rad.ov.sor Br.dge. ^ubes can be employed, in which event considerably 

This Is a special form less amplification IS required than in the case of 

of selenium -type light- the usual photoelectric cell, because of the higher 
sensitive j ell m which initial current available. 

K*^^fe(fvfced^^ applying the bridge, use is made of the 

property of the selenium conductor by which its 
surface is exposed to light. The bridge, with a dark 
resistance of the order of 1 to 10 megohms, is connected to a suitable d-c supply iri 
series with a sensitive relay so adjusted that the normal current passing through it is 
just insufficient to close its c'^ntacts so long as no light falls on the bridge. When the 
bridge is illuminated, however, the current is increased well over four-fold, and the 
relay closes instantly. The sensitive or primary relay may be employed to control a 
circuit requiring only a few watts of energy. If a greater amount of energy is to be 
controlled, a power or secondary relay is required. This may be of the telephone relay 
type, utilizing a special vacuum-type contact. 


A simple circuit in which the bridge operates a polarized relay directly, is shown 
at (A) of Fig. 446. This is the simplest battery-operated circuit arrangement for the 
application of the bridge. The relay may require adjustment from time to time to 
allow for variations of the resistance of the bridge. An impulse circuit for dry- 



850 


RADIO PHYSICS COURSE 


battery operation, in which the bridge feeds a '30 type 2-volt vacuum tube, which in 
turn actuates a power relay, shown at (B). The contact may be of the vacuum type, , 
and is shown beside the relay coil. A basic 110 volt a-c operated impulse circuit 
with the bridge feeding a ’27 type indirect heater amplifier tube, which in turn 
actuates a power relay is shown at (C). A second ’27 type tube rectifies the a-c 
supply. The detailed operation of these circuits is substantially the same as those 



Courtety The Burgee* Battery Co. 

Fig 445 — (A) Battery-operated, direct-coupled circuit, of a Radiovisor Bridge light cell and a 
polarized relay 

(B) Impulse circuit for dry battery operation with a vacuum tube amplifier and 
relay. 

(C) Impulse circuit for 110 v a-c operation A vacuum tube amplifier and velay are 
aKo employed 

(D) Impulse circuit for 110 v d-c operation with vacuum tube amplifier and relay 

already explained for the photoelectric cell, in Article 578. An impulse circuit 'for 
110-volt d-c operation employing a ’30 type 2-volt tube amplifier, and power type 
relay is shown at (D). If the circuit is to be operated from a 220 volt d-c line, 
should be changed to 3,000 ohms. 

REVIEW QUESTIONS 

1. What is the main difference in the operating characteristics of 
an ordinary high-vacuum tube such as is used in the amplifier of 
a radio receiver and a thyratron tube? What special construc- 
tion features of the thyratron tube are responsible for this? 

2. Explain the operation and principle involved in an oscillator 
system designed for accurate measurement of weights, thick- 
nesses, etc. 

3. What is the difference between the principle of operation of a 
photoelectric cell, a photo-voltaic cell, and a selenium light cell? 

4. Explain why gas-filled types of photoelectric cells are more sen- 
sitive than the vacuum type. 

5. Explain the construction (with sketches) of a commercial form 
of photoelectric cell. 

6. What is the purpose of the active material; the plate or anode; 
the window? Name four “photo-sensitive” materials. 
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7. Draw the circuit diaffram of a single-tube battery-operated 
amplifier for a photoelectric cell, arranged to produce a decrease 
in the amplifier plate current when the light intensity increases. 

8. Explain the operation of this circuit in detail. 

9. Explain how l^kage could take place across the grid resistor 
terminals, and just what effect this would have on the operation. 
How may this leakage be minimized? 

10. Draw a schematic sketch showing the photoelectric cell and 
amplifier and all equipment you would employ for automatically 
counting the number of automobiles going in a single direction 
over a certain road. The entire apparatus is to be operated 
from a 110 volt a-c lighting circuit. Explain its operation. 

11. Repeat Question 10 for an installation in which black shoes are 
to be sorted from white shoes. 

12. Repeat Question 10 for an installation on a newspaper printing 
press, printing on a continuous sheet from large rolls of paper. 
The photoelectric cell device is to actuate the line switch of the 
printing press motors to immediately stop the press if the paper 
should suddenly break. 

iS. Describe the selenium Radiovisor Bridge tjrpe of light cell. How 
does this differ in operation from a photoelectric cell? 

14. Draw a circuit diagram for a complete a-c electrically operated 

* . Radiovisor Bridge light cell circuit to count the number of bot- 
tles of milk coming along on a conveyor belt from a bottling 
machine. 

15. Draw a circuit diagram and complete apparatus arrangement 
for a photoelectric cell and 3-stage a-c operated audio amplifier 
circuit feeding to an electrodynamic type loudspeaker. The 
photoelectric cell is to be arranged to respond to the rapid varia- 
tions in the light coming to it from a steady source of light 
interrupted by a series of dark and light bands on a strip of 
motion picture film moved rapidly between the light source and 
the photoelectric cell. (Note: This is the arrangement used for 
the reproduction of the sounds in the sound-on-film system of 
sound motion pictures.) 

16. Explain how the method of emitting electrons in an ordinary 
vacuum tube differs from that employed in a photoelectric cell. 
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TELEVISION 

PRESENT STATUS OF TELEVISION DEVELOPMENT — WHAT TO EXPECT IN THE 
FUTURE — THE RADIO TELEVISION SYSTEM — PERSISTENCE OF VISION IN 
TELEVISION — HOW THE PICTURE MAY BE SLICED INTO SQUARE ELEMENTS — 
DIVISION OF THE SCENE INTO STRIPS FOR TELEVISION — THE USE OF THE 
PHOTOELECTRIC CELL — TRANSMISSION FREQUENCY BAND REQUIRED — THE 
SCANNING DISC — SCANNING METHODS — SYNCHRONIZED TELEVISION AND 
SOUND TRANSMISSION — GENERAL TELEVISION TUNER AND AMPLIFIER SYS- 
TEM — THE RADIOVISOR — THE NEON TUBE — THE RECEIVING DISC — 
SYNCHRONIZING THE DISCS — OPERATING A DISC TYPE TELEVISION RECEIVER 
TYPES OF SCANNING DISCS — THE MECHANICAL AND THE CATHODE RAY 
SYSTEMS — THE CATHODE RAY TUBE — THE FARNSWORTH CATHODE RAY 
SYSTEM — FUTURE OF TELEVISION — REVIEW QUESTIONS. 

583. Present status of television development: In its broadest 
sense, the word television has come into general use as a term to indicate 
the instantaneous transmission of images of objects and scenes, either by 
radio or by wire. This does not include the art of transmitting photo- 
gi’aphs by telegraphing (phototelegraphy). While, generally speaking, 
television includes the transmission of visual scenes by wire, most of the 
recent development work has been along the lines of transmission with- 
out wire lines, although it is not at all improbable that television programs 
transmitted over existing telephone or electric light circuits may become 
popular at some future date. Our study will be confined to television by 
radio. 

While the average layman believes that television is an entirely new 
art brought on by the development of radio, it is interesting to note that 
the history of television dates back as far as 1873 when the light-sensitive 
properties of selenium were discovered. Scientists immediately tried to 
apply this discovery to the solution of the age-old problem of transmission 
of pictures and scenes. In fact, the principle of the scanning disc, which 
is still used in one form or another in most television systems, was in- 
vented way back in 1884, nearly 50 years ago, by Nipkow, a German. 
While many more dates and references of early work in this field could 
be made here, these two will perhaps convince the reader that the idea, 
and attempts to achieve television transmission and reception are not new 
by any means. All of our pre.sent systems, with the exception of the 
cathode ray method, are merely improvements on the systems devised 
many years ago, these improvements being made possible by the develop- 
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ment of such devices as photoelectric cells, thermionic tubes, neon lamps, 
• cathode ray tubes, high gain amplifiers, etc., which were really developed 
in connection with other arts. 

Any attempt to write a text on television at the present time, must 
necessarily be confined to a description and explanation of the operation 
of the various main systems now in use— imperfect as they are. The 
author will possibly lay himself open to criticism from some readers, 
when he states that no system thus far presented has been proved capable 
of achieving really satisfactory and practical television transmission and 
reception on a commercial basis. 

The requirements for satisfactory performance for home reception, which the 
author has in mind when making this statement are as follows: (a) The picture 

P rojected on the receiving screen should be at least 1 foot square, (b) The detail should 
e at least as good as that of ordinary newspaper photograph reproductions, (c) The 
light used for the received picture should be of a nature which will not tire the eyes, 
and all flicker should be eliminated. (The pink light of the common neon tube usu- 
ally employed, is about as poor a light source from this point of view as could possibly 
be used), (d) The receiving equipment should not contain any rotating or moving 
parts and should have a reasonably long life, (e) The radio transmission channel 
required should not be over 100 kc, unless transmission on the very short waves is 
resdirted to. (f) The receiving equipment should be fairly inexpensive, certainly the 
total cost should not be very much over that of an average ^ood radio receiver. 

No such system has appeared at the time this is written, although 
the cathode ray system holds forth considerable promise of being capable 
of sufficient improvement to meet these requirements. 

Anjpone Wiio is at all familiar with the technical details and results accomplished 
by the various systems now in use, must agree that these requirements have not been 
met by any one system to date. No doubt this will cause a distinct surprise and disap- 
poiijjbment to the many whose ideas on the subject have been gained by misleading fan- 
tastic dreams and writings of many newspaper feature writers and press agents of 
manufacturers interested in the sale of television equipment. These writings have 
placed the large mass of the public in the wrong frame of mind regarding television. 
They have been led to believe that it is an accomplished fact, and that all of the 
problems have been solved. Naturally they expect perfect television reception. The 
true story is that hundreds of men are feverishly engaged in research work almost 
day and night in the laboratories of the world, in attempts to solve some of the prob- 
lems which the newspaper writers have apparently solved with a few clicks of their 
typewriter keys. The public should be made to realize that television today is still 
in the development stage. This is no disgrace — every art must pass through this 
stage. The unfortunate difficulty is, that false reports have placed the expectations 
of the public way ahead of the actual accomplishments of the research engineers and 
inventors. There is no doubt but that the intense public interest has had a beneficial 
effect in spurring on research in this field, but public demands for a finished product, 
at a time when a really satisfactory system has yet to be found, are rather discon- 
certing. 

584. What to expect in the future: What the future will bring' 
in this field, or how long it will take for successful television to arrive, no 
one knows. The technical problems involved are by no means simple or 
few. Even the results now obtained are really remarkable, when we con- 
sider the obstacles which block the path to successful television. The 
various workers in this field are to be sincerely congratulated on their 
persistence and ingenuity. We must be patient, and not expect too 
much, for television is still but an infant in growth even though old in 
years. 
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Since the art of television is still in the formative process of develop- 
ment, the author feels that the interests of the student can best be served 
by an explanation of the operation and the principles involved in the var- 
ious systems in use today, with some illustrations of the actual apparatus 
employed. This will furnish a background for future study and enable 
the student to keep up to date on the many developments which are bound 
to come, possibly in the very near future. 

585. The radio television system: All radio television systems 
are electrical in their nature, just as all radio broadcasting systems of 
sound are electrical. It will be remembered that in our ordinary sound 
broadcasting systems, as shown at (A) of Fig. 446, the succeeding sound 



FI*. 446 — (A) The typical transmitting and receiving system employed for radio telephone 
communication This system starts with sound waves which are to be transmitted 
Ail of the transmitting, amplifying and receiving is done with electrical impulsetT 
Finally these are converted back into sound waves again by the loud speaker. 

(B) The typical system employed for television. This system starts with reflected 
light rays from the object being televised All of the transmitting, amplifying and 
receiving is done with electrical impulses Finally these are converted back Into 
light rays and re-assembled to form the visible picture. 


waves produced which follow one another rapidly, are allowed to strike 
the diaphragm of the microphone M in the transmitting station, and be 
converted into electric impulses which are amplified and caused to modu- 
late a high-frequency carrier current suitable for radio transmission by 
the transmitting apparatus B. The signals are radiated in the form of 
varying electromagnetic radiations which induce corresponding modu- 
lated high-frequency electrical impulses in the receiving antenna C These 
are tuned out from those of all other stations, amplified, demodulated, 
and possibly amplified further by the receiving equipment R. Finally 
they are converted back into sound waves by the loud speaker L. This 
completes the system, (see Chapter 15). 

In television, the general system is similar, as shown at (B) of Fig. 446, only instead 
of dealing with toun^ wavea at the beginning and end of the system, we deal with 
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light rays. The first step is the so-called scanning, or progressive and systematic 
optical analysis of the scene to be transmitted. The next step is the conversion of the 
light impulses thus obtained, into corresponding electrical ones, by means of the photo- 
electric cells. These electrical impulses are amplified and caused to modulate a high- 
frequency carrier current suitable for radio transmission by the transmitting appara- 
tus B. The signals are radiated in the form of electromagnetic radiations which in- 
duce corresponding modulated high-frequency electrical impulses in the receiving an- 
tenna C. These are tuned out from those of all other stations, amplihed, demodulated, 
and amplified further, in the receiving equipment R. These electrical impulses are 
finally re-converted into light rays by the light source, and are then re-assembled in a 
progressive and systematic order to form the image of the original picture trans- 
mitted. Notice that the process at the receiver is the reverse of that at the trans- 
mitter. 

Notice the similarity between this and the sound broadcasting sys- 
tem at (A). In fact, the transmitting equipment exclusive of the scan- 
ning and photoelectric cell units, and the receiving equipment exclusive of 
the light producing and re-assembling device are almost of exactly the 
same types as those used for regular sound-radio communication — differ- 
ing only in the several design details required for handling a rather wide 
modulating-frequency range. Now perhaps the "mysteries” of television 
are beginning to fade away somewhat from the mind of the reader! We 
will now study the problems involved in conversion of the reflected light 
rays from an object into corresponding electrical impulses at the trans- 
mitter, and the conversion of these back into the complete scenes at the 


receiver. 

• • 

586. Persistence of viiion in television: If it was desired to trans- 
mit simply "still” pictures by television, the problem would be greatly 
simplified. Actually however, the pictures of moving objects inust also 
be transmitted and reproduced. Since changing scenes are also dej^ 
with in the ordinary motion picture, let us see how the problern is solv^ 
there. This will shed some light on our problems in televisum trans- 
mission and reception. Let us first consider a very important character- 


istic of the human eye. 

When light enters the normal eye it is focused hiih 

This retina is coated with a material known as the when 

bedded the so-called rods and cones at lotiofteke^^^ace a^^ 

light falls upon the visual-purple, a pho^lectric , ^ectrons set up cur- 
are freed much as they are in a photwlectnc f «•.. ".f turn 

rents in the visual-purple which are detected by tli® . u produce the 

set up electric currents in the neiwes that ‘hem to the bram 

sensation of sight. The exact The^ye fnterprets different wave- 

tern and an ordinary vacu . m tube radio receiver with - ^ 

One exceedingly important characteristic of the eye, is f ^ d^ 
not respond at once to any change in light intensity, lag of about 

1/10 of a second and retains an impression for 
to this, it is possible to produce the w^tion 

viewing a moving object successively at intervals o / . *• 

pictuTJi! *On thJ 
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minimum of time, depending upon the intensity of the light, or it will not register on 
the consciousness at all. To see any moving picture or scene by this method then, 
the eye must see each scene for a period long enough to awake the consciousness (at 
least one five-hundred thousandth part of a second if strongly illuminated), and must 
follow one another at least 1/10 of a second apart. In the projection of motion 
pictures, the film consists of a series of individual pictures which pass down in front 
of the light source at a speed of about 16 per second. Each scene or “frame” is jerked 
down in front of the lens by a special intermittent-motion mechanism, remains sta- 
tionai^ there for a short period, then the blade of a rotating shutter comes around 
and shuts off the light from the scene while the film is being jerked down to the next 
frame, etc. In other words, each image of the picture flashed on the screen, persists 
on the retina of the eye for the full time during which the light is cut off, the next 
/rome or picture is jerked into place in front of the lens, and the following picture 
flashes on the screen, etc. 

The absolute darkness which exists when the shutter cuts off the 
light during each jerk of the film is not noticed at all, and the sensation 
of a continuously moving scene is impressed on the brain. This might be 
termed, ‘‘deceiving the eye“. 

All television methods thus far developed make use of this action of 
“deceiving the eye”. An electrical impression of the entire scene to be 
transmitted, (the scene is actually sliced into thin strips as we shall see) , 
is taken, transmitted, and reproduced on the screen at the receiving fend 
almost simultaneously 20 times every second in most systems in use at 
present. In this way the entire picture is reproduced on the receiving 
screen 20 times every second, each view differing slightly from the previous 
one due to the movements of the object televised, and the persistence of 
vision of the eye makes it appear as a continuously moving piclure in 
exactly the same way as in the case of cinema or motion pictures. 

587. How the picture may be sliced into elements: In the motion 
picture, the entire scene is present on the small picture or ‘'frame*' on the 
film in front of the lens at any instant, and is flashed on to the screen as 
one complete single picture or impulse. In television, it has not beep 
found possible to transmit the whole scene at once in a single impulse (20 
times a second), because no system or device for recording and repro- 
ducing the individual light and dark elements of the picture all together 
in this way, has yet been developed. Instead, each 1/20 of a second the 
“scanning" device scans the entire scene in narrow “strips" or “slices" 
starting at the top and working down toward the bottom (see Fig. 448). 
The “light" and “dark" impulses constituting each strip are transmitted 
progressively and these light impulses and strips are re-constructed in 
proper order on the screen at the receiver, persistence of vision again 
aiding us in making the individual strips appear as a single composite 
picture. 

Experiment: Many simple experiments may be performed to illustrate the per- 
sistence of vision. If the glowing end of a match is twirled around, the- glowing spot 
changes its position so rapidly that the persistence of vision of the eye makes it ap- 
pear to be a bright ring of light. Draw a fish on one side of a white card and a gold 
fish globe oa the other directly in back. Now fasten a string to two opposite e&es 
of the card and twist or twirl it rapidly by blowing on it so as to make it rotate. The 
fish will appear to be in the globe. 

Just how a picture may be broken up into tiny elements and still appear like a 
solid picture to the eye, may be appreciated by examining closely with the eye alone. 
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or with a magnifying glass, any half-tone reproduction in this book or in a magazine. 
It will be seen that what ordinarily appears to be a uniform picture, really is made 
up of a large number of tiny dots of ink of various sizes and shapes. Fig. 447 is 
reproduced here especially for a study of this. When a half-tone cut is made, the 
subject is photographed through a screen consisting of a transparent substance with 
opaque lines ruled closely on it to form tiny squares. The half-tone cut which is 
made, also contains these tiny squares, and the tiny square impressions really con- 
stitute the reproductions. It will be seen from the illustration at the left, which is 
rnade through an exceptionally coarse screen especially for this study, that in the 
light portion of the picture, these tiny spots of ink are very small. In the darker 
parts on the hair, coat, vest, and necktie, they are very much larger, and in some 
places run so close together as to merge into one another. As shown by these illus- 
trations made through screens of different coarseness, the general effect produced by 



F!g. 447 — The detail of the reproduced picture depends upon the number of picture elements 
used per unit area. At the left is a half-tone reproduction made up of individual 
dots of ink (picture elements) spaced 50 to the inch. There are 2,500 such elements 
• per square inch in this. At the center is the same illustration made up of in- 

dividual dots of Ink spaced much closer i e., 85 per inch. At the right there are 
120 dots to the inch. Notice the poor detail of the picture at the left as com- 
pared to that on the right. 

the entire assembly of tiny dots depends on how fine-grained a structure is used. The 
picture at the left, which seems rather coarse and lacks detail, was made through 
a screen having 60 horizontal and 60 vertical lines to the inch, i.e., 60x50 or 2,600 
squares or elements per square inch. For the center picture, an 86 line screen was 
employed. This gives 7226 squares or elements per square inch. That at the right 
was made with a 120-line screen giving 14,400 elements per square inch. If you 
stand off with your eyes about 12 inches from the book you will see that the squares 
in the one at the left are plainly visible, those in the middle are just barely visible, 
and those at the right cannot be distinguished. Notice how the detail of the picture 
is lost when the tiny picture elements are coarse. For ordinary reproduction, a pic- 
ture composed of soma 17,000 dots to the square inch, (130 rows per inch), leaves 
little to be desired in the way of detail. The usual newspaper reproductions contain 
4,226 dots per square inch (66 rows per inch). A picture composed of some 400 dots 
per square inch (20 rows per inch), is barely passable even when viewed at a distsmce 
of 18 inches or so. In the present television systems using scanning disks, 60 lines 
or elements per inch are employed. 

It is evident from this discussion of half-tone reproductions, that in 
television, it is really not necessary to transmit and reproduce the entire 
scene as a single unit each 1/20 of a second. We may split up the scene 
viewed by the television transmitter, into elementary dots, transmit elec- 
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trical vibrations correspondinsr to the brierhtness or darkness of each in- 
dividual dot, and reproduce the dots in the same relative order and position 
at the receiving end. Then our received picture will be made up of a 
number of dots similar to a half-tone, and if the elements are small enough 
it will be acceptable. This system has actually been used by Dr. Ives at 
the Bell Telephone Laboratories, but since a separate circuit was neces- 
sary for each element or dot (2,500 circuits in all in this particular ap- 
paratus) , the system was very complicated and commercially impractical. 

588. Division of the scene into strips for television (scanning): In 

most television systems now in use, the scene is not scanned in the form of 
dots but in strips, by a suitable scanning device in the transmitter. At the 
receiver, these strips of the scene are reproduced in proper order to form 
the complete scene. The principle of strip-scanning may be understood 
from a study of Fig. 448. At the left, we have a simple scene or picture 
to be transmitted. This consists of light and dark areas. Suppose we 
view this picture through the small square opening shown at the upper 
left-hand corner of the picture, and that this opening is moved horizon- 
tally to the right in the direction of the arrow. We will then view or scan 
the top strip number 1. We now move this square peep hole down a dis- 
tance equal to the height of this strip, and again move it across the picture 
from left to right scanning another strip number 2. This will appear as 
top strip number 2 shown at the right. This operation may be repeated un- 
til the entire picture has been scanned or divided into strips which will ap- 
pear successively as numbered at the right. It is seen, that if all .tHp 
individual strips at the right were assembled close together, they would 
form the original picture. Now suppose it were possible for us to scan all 
of these strips in this picture in less than 1/10 of a second. We would 
not see them as individual strips, because the persistence of vision would 
cause us to retain the impression of the first strip and the succeeding ones 
up to the time when the last one was scanned. Therefore, we would see 
the entire picture as a unit. This is the basis of the television systems 
now in use. We have considered here, a “still” picture. Suppose the 
scene were continuously changing? In that case if we scanned the entire 
picture in at least 1/10 of a second, we would be scanning the entire pic- 
ture 10 times or more every second, which is sufficiently fast to just enable 
the persistence of vision to retain the impression of one picture until the 
next one has been received. The eye would then receive the impression 
of motion of the scanned objects just as in the case of the motion picture. 
In practice it is desirable to scan the pictures more rapidly than this, 20 
times per second more being used in most television units at the present 
time. 

In actutfl television scanning, the scanning strips are very much narrower than 
shown in Fig. 448, 60 lines or strips to the inch now being common in disc scanning 
systems. Of course the greater the number of scanning strips, the mater the detail 
of the picture. Considering any one of these very narrow strips, it is found to be 
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composed of a succession of parts which vary in the amount of light and shade, or in 
the amount of light reflected at the various points by the image. 

The actual total area scanned is called a ‘‘frame*'. Thus in Fig. 448, 
the entire picture at the left would compose a frame. 

S89. The use of the photoelectric cell: Now that we have con- 
sidered a method of breaking our picture or scene up into a number of 
fine elementary strips, the next problem is to convert the successive light 
and dark variations in each strip scanned, into corresponding variations 
in an electric current. This extremely delicate and important operation 
is performed by the photoelectric cell which we have already studied in 
Chapter 32 ; or some other form of suitable light-sensitive cell. 

If we arrange in some way for the* light reflected from each elementary area in 
every strip of the scene scanned to fall upon the sensitive surface of a light-sensitive 
cell, the cell will respond to the variations in the intensity of the light, tnd may be 
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Pig 448 — Strip scanning. The scene la 
lapidly scanned in very nar- 
row horizontal strips. The 
variations in the light and 
shade in each strip are con- 
verted into corresponding elec- 
trical impulses by the photo- 
electric cell. These electrical 
impulses are transmitted. At 
the receiving station they are 
re-converted back into varying 
light intensities which are re- 
constructed in strips somewhat 
as shown at the right. This is 
done rapidly so as to appear 
as a complete scene to the 
eye. Of course the strips ac- 
tually overlap slightly. 


arranged to produce corresponding variations in the voltage or current of an electric 
circuit. For instance, if the reflected light coming through the moving square peep- 
hole at the Icift of Fig. 448 were fofcussed on to a photoelectric cell, it is evident that 
each light and dark area of each strip scanned, would cause a corresponding variation 
in the cell current. When a light area was scanned the cell current would increase, 
when a dark area was being scanned, the cell current would decrease. The variations 
in the cell current for the bottom strip at the left, would appear somewhat as shown 
t^low it, 0-0 being the axis line for the cell current. Thus the light-sensitive cell 
in the television system corresponds to the microphone in the sound-broadcasting 
system, in that it produces the variations in the current. The variations in the cell 
current are amplified by a very high-gain multi-stage resistance-coupled amplifier of 
the general form shown at the left of Fig. 438 A. This must be designed to amplify 
uniformly, an unusually wide band of frequencies, and all circuits must be laid out 
carefully and shielded to prevent feedback. 

590. Transmission frequency band required: Let us see just 
how wide the frequency band will be for standard 60 lines per frame — 20 
frames per second scanning, assuming the picture to be but 1-inch square. 
We will assume that the detail of the picture horizontally, is to be as good 
as that vertically. The worst possible case would then be when there is a 
variation in light intensity for every 1/60 of an inch horizontally along a 
scanned strip. This means that the picture elements are so irregular, 
that a partial light or dark portion occurs in every 1/60 of an inch along 
the horizontal strip. There will then be 30 impulses produced during the 
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scanning of a single strip, since it takes one complete light variation from 
light to dark to light through two elements, to correspond to a complete 
a-c cycle. Therefore, 60x30 or 1800 impulses are produced during a 
single scanning of the entire picture. Since it is completely scanned 20 
times every second, there will be 1800x20=36,000 impulses in the photo- 
electric cell circuit every second for this condition. Building high-gain 
amplifiers to amplify uniformly a band of frequencies up to 36,000 cycles 
is no simple task, and the resistance-coupled type amplifier is the only 
type which can be designed to do this. The lowest frequency of this 
picture frequency is 20 cycles. The amount of distortion present in trans- 
former-coupled a-f amplifiers, while not serious in ordinary sound broad- 
casting, makes them absolutely unsuited for television work A special 
resistance-coupled amplifier which will amplify uniformly all frequencies 
from 15 to 30,000 cycles is shown at the right of Fig. 438A. This circuit 
should be studied carefully at this point. 

The varying^ output of the photoelectric cell is amplified and made to modulate 
the high-frequency carrier current in the usual way. Since each television station 
transmits a carrier frequency and a rather wide sideband^ about 36 kc‘on each side 
of the carrier frequency in the case here considered, or a total sideband of 72 kc, 
television stations have been assigned to transmit on the short waves between 100 ''and 
160 meters in the United States, in order to avoid conjestion. At the present time, each 
station is allowed a transmission channel of 100 kc. Compare this with the 10 kc 
channels assigned to sound broadcasting stations. Also; since television signals are 
transmitted by short waves, the ordinary broadcast band receiver used for sound pro- 
grams is not suitable for television reception. It is not suitable anyway, because the 
transformer-coupled audio amplifiers used in these receivers distort entirely too much 
to permit of their use for amplifying television signals. 

591. The scanning disc: To carry out the process of "'strip scan- 
ning'' we have been considering, some form of scanning device for rapidVy 
scanning successive strips of the scene must be employed. Perhaps the 
simplest and most widely used form of scanning device now used in one 
form or another by practically all television transmitters and receivers, 
(excepting those employing the cathode ray principle), is the Nipkow 
scanning disc, invented in 1884, and shown in its most elementary form 
at the left of Fig. 449. This is an ordinary circular disc containing a 
series of small holes (or lenses), arranged in the form of a spiral (or 
several spirals). 

Each of these holes is as far from the following one as the width W of the pic- 
ture to be reproduced at the scanning disk at the receiving end, so that only one hole 
is actually scanning the scene at a time. The "pitch” or distance of the center of each 
hole from the center of the disc, differs from that of the next by the diameter of the 
hole itself — which is the height of the strip scanned. Round holes are shown in this 
disc. In practice, it is preferable to make the holes square or rectangular to permit 
more light to pass through to the photoelectric cell, and the holes are arranged so that 
the strips they scan, slightly overlap each other. This reduces the tendency to produce 
“lines” or “streaks” across the received picture where one scanned strip would just 
meet the one above and below it. As the disc rotates, one hole after another sweeps 
over the field of view of the scene — each hole scanning a slightly curved strip, as 
shown in the enlarged section at the right of Fig. 449. Since each hole is nearer to 
the center of the disc than the preceeding one, it scans a strip next to the one scanned 
just before it. In this way, the entire scene is scanned completely 20 times every 
second. The visual slicing up of the scene during the scanning action 
is indicated in the enlarged view at the right, by the curved lines which represent the 
boundaries of the strips scanned. The manner in which the photoelectric— cell current 
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might vary dua to the variations of light impressed on it during the scanning of some 
one strip, is shown below. In the illustration at the right, the picture is scanned in 
39 narrow strips (39 lines). 

As we shall see later other forms of discs with two or three sets of 
holes may also be used. Also the disc may take the form of a belt or 
drum. The cathode ray system of scanning and reproduction is so radi- 
cally different from the ordinary disc scanning system that it will be 
considered separately later. 

592. Disc scanning methods: There are three methods of using 
the disc for scanning the scene to be transmitted. These are, film pickup, 



Fig. 449 — Left; Layout of the holes in spiral form in a circular 24-line scanning disc. The 
Shaded area represents the size of the reproduced picture at the receiving station. 

Right: How a scene is scanned over curved strip paths by a circular scanning 
disc. This is an enlarged view, and is drawn for 39-llne scanning, 1 e., there are 
• 39 scanning strips for the entire scene Every time a black part of the scene is 

viewed by the photoelectric cell, the cell current drops. The variations in the cell 
current during the scanning of one particular strip of the picture on the right are 
shown at the lower right 

direct pickup, and indirect pickup. Pickup from a moving picture film 
has become popular, since the film is taken under ideal conditions and it 
presents a very small area to be scanned, an area which can be brightly 
illuminated with much more light than can be comfortably thrown oh a 
person sitting in front of a television camera. 

The direct pickup method uses what might be termed a ‘^television camera”. It 
is a scanning arrangement, photoelectric cell and cell amplifier mounted on a strong 
tripod with a very fast lens picking up the light reflected from the illuminated object 
to be televised. The rapidly moving holes in the scanning disc allow one pencil or 
strip of this light at a time to pass through to an ultra-sensitive photoelectric cell 
mounted behind the disc. The current variations in the photoelectric cell, 
caused by the light and dark variations in the light projected on it, are transformed 
into similar voltage variations, and amplified by the amplifier mounted at that point. 
This builds them up to a sufficient strength to be sent to the radio transmitter itself, 
where they may be amplified further, and made to modulate the carrier current of the 
station in the regular way. This system is shown at the left of Fiff. 450. 

This method is most successful for outdoor work, since there is plenty of 
> light available. F«or indoor work, however, it requires very intense artificial lighting 
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vrhich is extremely trying: on the artists performing before the televisor. The intense 
heat produced by the battery of lights employed for the floodlighting of the performer 
is rather uncomfortable. 

This problem has led to the development of the indirect pickup method, which is 
now widely used. This is commonly called the '^flying spot” method. 



SCANNING DISC 

Pia* 460 — Television transmittma and receivina system usina the scanning disc method 
The direct pickup system is used in the . transmitter at the left. Liaht reflected 
from the stronaly illuminated subject is picked up by a suitable lens system and 
directed through the whirling holes m the scanning disc and focussed on to the 
sensitive material in the photoelectric cell. 

In this system, the scanner comprises a powerful arc lamp fitted with a scanning 
disc driven by an a-c synchronous motor, and a battery of lenses of different focal 
lengths so as to provide different sizes of flelds. The assembly is mounted on a swivel 
base similar to that of the usual barber's chair as shown at the left of Fig. 451, so as 
to permit of aiming the beam at the subject. By swinging any desired lens into posi- 
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451 — Left: A flying-spot television camera. Three of the possible five lenses are mounted 
on the circular scanning disc housing, the desired lens being mov^d into position 
by the handle on the outer rim of the housing. The entire camera may be moved 
vertically by means of the foot pedal on the base. The operator Is holding the 
wheel which tilts the camera vertically. 

Right: The interior of a studio from which both sound and television signals are 
being transmitted. The sound is picked up by the microphone In the foreground. 
The reflected light from the flying-spot Is being picked up by the photoelectric cells 
In the rectangular metal boxes at the left and right. 
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tion, through the convenient turret mounting, the scanner can be made to handle 
close-upSi or half-length and full-length subjects, without moving the relative positions 
of scanner and subject. The operator stands alongside the scanner which he mani- 
pulates during the actual pick-up of a program, following the studio action through a 
glass window. 

When the disc is turned, the light passing through the holes makes successive 
trips across the subject being televised, so that in one complete turn, every part of 
the subject has been passed over by a light spot. The subject has been completely 
scanned. The tiny spot of light that sweeps the subject line by line is reflected in 
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Ktg 452 — Left: Flying-spot transmission systen., and the receiver. The reflected light rays 
from the pencil of light moving across the subject, act on the photoelectric cells. 
Right. The arrangement of 4 photoelectric cells in the principal focus of the sil- 
vered reflector in back of each one, for increased light pickup, for the arrange- 
ment at the left 


varying degree, depending on whether it falls on a light or a dark portion of face, 
body, or clothes. The reflected light is intercepted by a battery of photoelectric cells, 
generally arranged in two groiuis placed in front and slightly to each side of the sub- 
ject as shown at the right of Fig. 451. The photoelectric cells translate the varying 
light values into corresponding electrical values which, greatly amplifled by means of 
ampliflers placed directly behind the photoelectric cells in the same casing, are sent by 
wire to the modulator of the transmitter, after passing through the monitoring bokrd. 
In the control room immediately off the studio and separated from it by glass windows, 
the control operators follow the pick-up by means of a master radiovisor monitor 
mounted on the switchboard. Glancing through a peep-hole, the operator sees the 
television picture exactly as it is being transmitted to the *iookers-in’\ The degree of 
gain can he varied so as to provide the necessary brilliancy and contrast in the pic- 
tures. Also, by means of the .large glass windows looking out into the studio, the 
control operators can signal the studio announcer about any necessary changes in the 
placement of subject and equipment. The spots of light sweep over the subject so 
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rapidly that the eye cannot follow them, and the subject really appears to be ilium* 
inated by a steady light. 

A schematic dianam of a coniplete transmitting and receiving system of this 
t3rpe is shown at the left of Fig. 452. The light source behind the scanning disc pro- 
jects a flying spot or pencil of light on to the subject being televised. The light re- 
flected from this subject acts on the photoelectric cells which are here shown placed 
in the principal focus of parabolic mirrors for greater collection and concentration 
of the reflected light rays. A photoelectric cell pick-up assembly of this type is 
shown at the right. A small photoelectric cell is placed at the principal focus of each 
of the four silvered parabolic reflectors. 

593. Synchronized television and sound transmission: In cases 
where synchronized sound and television programs are transmitted, the 
studio also includes one or more microphones suitably placed. A studio 
of this kind is shown at the right of Fig. 461. 

The artist is facing the flying spot beam as well as a microphone which may be 
just beyond the vision of the pick-up apparatus. Inasmuch as the voice or the music, 
as the case may be, is picked up simultaneously with the accompanying image, and 
since electricity and radio waves travel with virtually no delay, the two signals remain 
in step. There is no synchronizing problem in the radio talkies, or combined sif^ht 
and sound broadcasting. Of course the combination of sight and sound broadcasting 
calls for two separate and distinct channels, including separate pick-iips, amplifiers, 
control room equipment, and transmitting stations, for the present at least. Like- 
wise, two separate and distinct receivers are required at the receiving end, one to 
pick up the sound signals, and the other to pick up the television signals. When the 
sound accompaniment is handled by the usual broadcast station, a broadcast receiver 
may be employed in quite the conventional manner. It is only necessary to know 
what broadcasting station is handling the sound for. a given television station. If 
the sound accompaniment is through a short-wave transmitter, then, obvirusly, ^ 'short- 
wave receiver is required. 

594. General television tuner and amplifier receiving system: At 

the receiving station, the incoming television signals must be recei^Tbd, 
tuned from those of other stations, amplified, demodulated and finally led 
to a device capable of changing the electric impulses back into correspond- 
ingly varying pulses of light. Finally these individual varying pulses of 
light must be rearranged to form the complete picture. 

Television transmission is now being conducted with short waves. 
We found in Article 590 that a wide transmission frequency band is re- 
quired for present forms of television transmission in which a Nipkow 
disc is employed. Therefore the television receiver must receive a band 
of frequencies many thousand cycles wider than the 10 kc band com- 
monly employed in sound broadcasting. This means that the receiver’s 
r-f tuning stages must tune broadly, broad enough to receive about four 
adjacent broadcast programs at once, if it were used on the broadcast 
bands. Of course a more selective receiver could be used for television 
reception, but since the upper sideband frequencies would be suppressed, 
there would be a sacrifice in the detail of the received picture, when the 
disc system is used. 

The ordinary broadcast band receiver is not suitable for television reception be- 
cause television transmission is being carried on with short waves from 100 to 150 
meters and a short wave receiver is necessary. Even if a short wave adapter or 
converter is used with the broadcast receiver, reception will not be satisfactory 
because the audio amplifiers in broadcast band receivers designed for sound programs 
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only, distort far too much for satisfactory amplification of television signals. Further- 
more, the sound which accompanies the television is broadcast on the regular broadcast 
band; so to get both sight and sound two receivers are required, and the regular 
broadcast receiver is necessary for the sound reception. 

The first requirement of a television receiver then,^ is that it tune to 
the carrier frequencies or wavelengths on which the television signals are 
being broadcast (100 to 150 meters in the U. S.), and that it tune fairly 
broadly. This means that very little or no regeneration can be employed, 
since regeneration sharpens the tuning so much that sidebands are cut, 
and objectionable distortion takes place. The sensitivity must be built 
up by straight radio-frequency amplification. 

The second requisite is to have an audio amplifier that will operate 
satisfactorily over the required wide range of light-impulse frequencies — 



FIk 453— a complete n -c operated short wave television signal receiver consisting of 2 stages 
of screen grid t-r-f amplification, detector, and 3 stages of resistance coupled audio 
amplification designed to produce uniform amplification. For listening to the syn- 
chronizing signal, the alternate loud speaker connection at the upper right may be 
employed (See left of Fig. 454.) 

up to about 43 kc. The lowest light-impulse frequency is determined by the 
number of scanning holes passing over the object being televised every 
second. In a standard 60 line per frame — 20 frame per second system, this 
would be equal to the picture frequency — or 20 cycles. The audio ampli- 
fier, therefore, must operate over a range of from about 20 to 36,000 cycles 
(for a ixl inch picture). Resistance coupling offers the only practical 
form of coupling for an audio amplifier which is to amplify this range of 
frequencies at all uniformly. (See the amplifier circuit at the right of 
Fig. 438A.) 

If “bias” or plate-current detection is used, it is necessary to employ an “even” 
number of a-f stages and, since four stages would be too unstable, we miwt make mo- 
Tision for a higher level of output from the detector tube and drop one a-f sta^. The 
reason is, that iA passing through a vacuum tube, the signal is shifted in phase by 
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both being: of the separate-heater type. The third stage is an output stage 
of the '46 type which delivers power to the neon lamp terminals. Thus it is seen that 
the general circuit arrangement of a television receiver follows standard sound broad- 
cast receiver practice. However, the values of the coupling resistors, blocking con- 
densers, etc., in the audio amplifier have been selected particularly to produce un- 
distorted amplification over the large band of picture element frequencies (these are 
audio frequencies) to be received. A top view of the chassis of this receiver is shown 
at the left of Fig. 454. A push-pull output stage may also be used in television 
receivers. 

595. The radiovisor: The television receiver provides the nec- 
essary signal output, but not the desired pictures. It may be compared 
to a sound broadcast receiver without a loudspeaker. A radiovisor or 




Fir. 455 — Left. Front and side views of a 
neon tube showmr the rectang^u- 
lar plates and the r&p between 
them. These ronnect to the P 
and the diagonally opposite F 
prong. 

Right; The complete circuit of 
the synchronization amplider tube 
VT and phonic wheel synchroniser 
synchronizer employed in several television 


picture-weavinfiT device is necessary. The usual radiovisor comprises a 
scanning disc, a driving motor, a television neon lamp, perhaps an optical 
system for enlarging the pictures, and control switches and speed adjust- 
ments. A complete radiovisor of this type is shown at the right of Fig. 
464. 


596. The neon tube: In order to receive television pictures by 
present methods, there is required a source of light which is capable of 
changing its brilliancy almost instantly with rapid changes of potential- in 
the receiver. This light reproduces the individual impulses being trans- 
mitted, and its position in the circuit is comparable to that of a loud 
speaker in a broadcast receiver. Up to the present time, the most widely 
used source of light in radiovisors employing scanning discs, has been the 
neon tube, although this device leaves much to be desired in the way of an 
intense light source which will not tire the eyes. 
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A typical ^s-discharge tube of the neon type used in television work is shown 
at the left of Fig. 455. It consists of two flat metal pYate elements insulated and 
mounted parallel to each other, a small distance apart. The tube is filled with neon 
gas (the same gas used in the pink glow advertising signs), and may be mounted on 
a standard 4-prong tube base as shown. One plate connects to the “Py pro^ and the 
other connects to the* diagonally opposite “F” prong. When a potential difterence of 
sufficient value is applied to the plates the neon gas around the plates become ionized 
and the plates appear to glow with a pinkish color, the brilliance of the light emitted 
being proportional to the potential difference between the plates. If a neon tube should 
be connected to the loud-speaker terminals of a broadcast receiver, it will convert the 
varying audio-frequency output voltage variations, into corresponding light impulses 
which are really too fast to be perceived as such by the eye. However, the increase 
in the light when loud notes are played, is easily seen. 

In television, the purpose of the neon tube is to glow with as bright a light as 
possible but to change its brilliance in accordance with the current through it, or in 
other words to “modulate*^ its light as the picture signal is fed to it^ The familiar 
type of incandescent lamp (heated filament) would be entirely unsatisfactory for this 
purpose as it requires too great a length of time for a change in current to produce a 
corresponding chai , > in the intensity of the light. The rapid current impulses in tele- 
vision work requi>c that the light-impuise device have no “time-lag.” The neon tube 
meets this requirement perfectly, its light fluctuating rapidly with the incoming sig- 
nal. It is possible to concentrate the light pioduced by the neon tube, by adapting a 
“crater” form for the electrodes. This form has become very popular. 

The connection of the neon tube to the output terminals of the television receiver 
depends upon the type of output tube used in the receiver, and the impedance of the 
neon tube, for a proper impedance match must be observed for efficient energy trans- 
fer and to prevent distortion in the output amplifier tube. In the circuit shown in Fig. 
453, the neon tube supplied is designed to be connected directly in the plate circuit of 
the output tube as shown. If the neon tube has a rather low impedance, say around 
1,200 ohms, it should be connected to the output tube by a proper impedance-matching 
transformer, or by a typical 30 henry choke coil — 2 mf. condenser output coupling 
such as is sometimes employed for loud speakers. Considerable research work is 
being carried on with light sources of various kinds and it is not at all improbable 
that an entirely new form of light source will soon be developed to replace the nicon 
tube. 

597. The receiver's disc: The neon tube or other television lamp 
employed, increases and decreases in brilliancy instantly in response to 
changes in the incoming modulation, growing brighter at the instants 
when more light reaches the photoelectric cell in the transmitter, and 
dimmer when the light to the photoelectric cell decreases. In front of the 
television lamp is a scanning disc exactly sunilar to that used at the trans- 
mitter. The observer looks through the rapidly moving holes in the disc, 
at the neon lamp, as shown at the right of Fig. 450. The transmitting and 
receiving discs are exactly alike as regards size, shape and layout of the 
holes. They are driven at exactly the same speed, and are exactly synchron- 
ized, that is, every hole in one disc is at the same place at each instant as 
the corresponding hole in the other disc. Each hole in the receiving disc 
traces a pencil of light of varying intensity across the viewing screen. 
Since these pencils of light traced on the screen, successively one below 
the other, come so rapidly, the persistence of vision of the observer makes 
the series of light changes appear to be arranged on the screen in the 
same order as are the corresponding degrees of illumination on the object 
being scanned at the transmitter. The rapid changes in the intensity 
and position of the light-impulses appear to the observer as a picture. 
If the object moves, the picture at the receiving end appears to move 
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also. In most radiovisors, a magnifying lens is employed to magnify 
the size of the image produced, although there is a limit to the 
amount of magnification which can be employed, due to the fact that 
the imperfections are magnified just as much as the picture. The radio- 
visor shown at the right of Fig. 464 shows a magnifying lens in place in 
front of the scanning disc. This enables a 7 inch picture to be reproduced 
with this particular equipment. 

598. Synchronizing the discs: It is evident that successful tele- 
vision requires the lights and shadows produced at the receiver to be in 
exact step with the lights and shadows affecting the photoelectric cell or 
other light-sensitive device at the transmitter. If the scanning disc meth- 
od is employed, it is essential that the disc at the receiver rotate in syn- 
chronism with, and at exactly the same speed as that at the transmitter, 
so that the pictures will correspond in position on the screen at any instant. 

In addition to causing the scanning and receiving discs to operate at the same 
speed, it is also necessary that any spot scanned on the object be reproduced at Jhe 
receiver screen at exactly the same instant. If the two discs are not in exact synchron- 
ism there will be no picture, or only part of a picture. For instance, if the receiving 
disc were running at the same speed as the transmitting disc, but was one-half revolu- 
tian ahead of it, then the picture would have dropped halfway down the screen. Slow- 
ing up the receiving disc would make the picture rise on the screen. Speeding up the 
receiving disc would make the image drop further. 

The so-called synchronous type of a-c electric motor is used to drive the discs, 
since it maintains its speed constant with the frequency of the current of the a-c 
line. ^ Most other types of motors are subject to speed variations when the line voltage 
changes ever* so slightly. 

In the Jenkins televisor shown in Fig. 454, the driving force for the disc is fur- 
nished by a synchronous-type Faraday eddy-current motor comprising four electro- 
magnets acting on a copp.er disc fastened to the scanning disc which is mounted on 
*a %11-bearing shaft. The details of this are shown in the illustration at the right. 
Synchronism is obtained by means of a toothed rotor that rotates between a pair of 
magnets energized by the 60-cycle current. The radiovisor will keep in step only with 
stations on the same power system. However, due to the close regulation of fre- 
• Quency which is maintained today in most power systems, it is feasible to maintain 
approximate synchronism on signals from a station outside the power system em- 
ployed by using a simple manually operated speed control. 

Where fully automatic synchronization is desired on signals from stations outside 
the local power system zone, a simple synchronizing device usually of the phonic wheel 
t3rpe is added in some systems. This unit comprises a laminated 60-tooth rotor (for 
60 line scanning) which fits on the motor shaft, together with an electromagnet M, 
fed by the 1200-cycle component filtered out of the intercepted carrier wave. The 
toothed wheel and electromagnet are shown in the illustration at the center of Fig. 
464. The 1200-cycle is a dominant frequency in the common 60-line 20 pictures per 
second signal (60x20z=1200). The receiver is provided with an additional tube to 
amplify this 1200-cycle component, which is fed to the magnet windings. 

If the speed of the receiving disc is a bit too slow, the pull of the magnets M due 
to the signal in the output of the extra amplifier tube at the, end of each scanning 
line will pull the disc into step by the action of the magnet poles on the teeth of the 
toothed wheel W. If, on the other hand, the speed of the disc is inclined to be a bit 
too fast, the pull of the magnets will act as a magnetic brake which will slow up- the 
speed of the motor sufficiently to keep it in step with the transmitter. A circuit 
diagram of this simple synchronizing system as used in the Hollis Baird television 
receivers is shown at the right of Fig. 456. NT is the neon tube in the plate circuit 
of the receiver output tube, T, is a coupling audio transformer and VT is the ampli- 
fier tube for the 1,200 cycle component. M is the motor and L is the phonic wheel 
magnet. 

The number of teeth in the phonic wheel W and the spacing between the ^oles 
of the synchronizing magnete is determined by the number of lines being transmitted 
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per picture. For a 48-line picture, a 48-tooth€Ml wheel must be used. For a 60-line 
picture, a 60-toothed wheel is employed. It will be noted that while the usual 60-cycle 
current is used to keep the radiovisor approximately in step with the intercepted si^al, 
the 1200-cycle synchronizer adds the necessary acceleration or braking effect so as to 
complete the synchronization. With this automatic synchronizer, it is claimed to be 
possible to hold the (Signals from stations several hundred miles distant in perfect 
step for an entire evening. Other synchronizing systems have been developed, but 
lack of space prevents including a description of them here. 

599. Operating a disc-type television receiver: To tune in pic- 
tures with television receivers of the general type shown in Fig. 453 and 
154, the receiver switch is snapped on and its dial is tuned to the desired 
signals. By means of an external loud-speaker which may be connected 
to the receiver output by the switching arrangement shown at the upper 
right of Fig. 453, the characteristic buzz-saw signals of the television trans- 
mitter are detected and tuned to loudest volume. The switch is then 
thrown so that the loudspeaker is replaced by the television lamp of the 
radiovisor. The motor of the radiovisor is then turned on, and the tiny pink 
spot of the neon tube as seen through the scanning disc, becomes a line, 
then a number of lines and finally a glowing screen as the scanning disc 
gets up to step. The screen then becomes spotted with shadows which are 
at first meaningless but they gradually weave themselves into pictures as 
the scanning disc attains the synchronous speed. 

600. Various types of scanning discs: There are several com- 
mercial variations of the simple scanning disc shown in Fig.^449, all de- 



Fig. 456— (A) Fiat disc with two sets of scanning holes. 

(B) Flat disc with three sets of Scanning holes 

(C) Single disc with 2 sets of holes arranged to receive signals from stations em- 
ploying 2 different numbers of lines per picture. 

(D) A scanning drum with the holes arranged in spiral form. 

(E) A flexible scanning belt. 

si^rned as improvements over this form. It is possible to arrange the 
holes in two or more spirals as shown in Fig. 456, with a consequent 
reduction in the speed at which the disc must rotate. 

At (A),*the disc has two spirals, each of which completely scans the image. 
A disc of this kind need only rotate at half the speed required for the single-spiral 
disc. At (B) is a disc with three spirals, which need rotate at but ^ the speed of a 
disc with one spiral. A single disc may operate with either of two numbers of lines per 
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frame, if built as at (C), with the holes for one number on a single spiral all the 
way around the disc and holes for a smaller number of lines arranged in two spirals, 
each extending half way around the disc. 

In addition to the flat discs which have been illustrated, others made in the form 
of a drum with the holes spirally arranged in the circumference and with the source 
of light at the center, are shown at (D). A drum scanner is used both in the Hollis 
Baird receiving systems and in some models of the Jenkins systerft, on account of their 
compactness. A travelling belt as shown at (E), with holes arranged spirally has 
also been used for scanning. 

Other interesting scanning systems have been developed; notably that developed 
by Dr. Alexanderson, in which a Karolus or Kerr cell is used to change the plane of 
polarization of the light beam going through it by means of an electrostatic field 
produced by very high voltage; that of John L. Baird, which uses a radially slotted 
disc in combination with a spirally slotted disc and cellular tubes; and that of Jenkins, 
In which lenses are used in the disc instead of holes, and the direction of the scanning 
light rays are directed up and down vertically by the action of a prismatic disc. 
However, in each case the resultant action of scanning is substantially the same as 
has been described for the simple disc. 

601. The mechanical vs. the cathode-ray television systems: The 

television systems thus far described make use of mechanical parts which 
are moved for the control of light beams. These parts have weight and 
therefore have corresponding inertia and momentum which of course 
limits the speed of the actions in which they take part. Also, in the sys- 
tems in which scanning discs are employed, the problem of getting suffi- 
cient light through the rapidly moving holes in the disc has been a very 
important one. If the holes are made small so as to obtain good picture 
detail, the light passing through is very limited. If they are made large 
to allcfw moVe light to pass through, the picture detail diminishes. Also 
a wide frequency band is required for transmission if good picture detail 
ip required. 

Two schools of television are assuming form out of the various lines 
of experimental work which have been pursued in this art during the last 
few years. These are, that in which mechanical scanning is employed and 
that employing electrical scanning. The scanning disc or drum is the 
heart of the mechanical system, while the scanning in the electrical system 
is accomplished by means of the cathode-ray tube. 

602. The cathode-ray tube: The general form of cathode-ray 
tube used for oscillographs and in the cathode-ray television system, con- 
tains three essential parts ; a thin “stream'' or “pencil" of electrons travel- 
ling at very high velocity, a fluorescent “target" or luminous screen for 
these electrons to strike against, and some mechanism for “deflecting” 
the path of the electron pencil in any direction. The illustrations in Figs. 
466B and 457 show two common simple forms of this type of tube used in 
commercial electrical work. The tube shown at (B) of Fig. 458 shows 
a special form designed by Farnsworth for use in his cathode-ray tele- 
vision system. We wil’. first proceed with a study of the principle of the 
operation of the general form of cathode-ray tube, shown in Figs. 456A, 
466B, and 457. 

The unit consists of an elongated glass tube with a flat end as shown, from which 
all the air has been thoroughly pumped out. At one end is a heated filament or cath- 
ode of coated tungsten (C at left of Fig. 456A), which emits a liberal stream of elec- 
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trons, precisely as electrons are liberated by the hot cathode of the ordinary form of 
▼acuum tube used in radio receivers. Near this cathode is a metal plate P which is 
maintained at a “positive” potential with respect to the cathode so that it will attract 
the emitted electrons strong^ly toward it at high velocity. In the center of this plate 
is a fine hole as shown. Many of these electrons moving at very high velocity toward 
the plate, will pass r,ight through this fine hole and continue on their way as a thin 
pencil of electrons moving at high velocity (a cathode ray), down the entire leng^th 
of the tube. This may be compared to a ray of sunshine entering a room through a 
small hole in a window shutter. 

At the inside of the flattened end S of the tube, is a scrjeen or “target” of fluores- 
cent materials (zinc silicate in the form of the powdered mineral “willemite” is often 
used, sometimes in combination with calcium tungstate), which shines brightly at the 
point where the cathode ray or stream of electrons strikes it. Thus, the point where 
the ray strikes the screen is made visible by a bright spot of light. This is shown in 
the view at the left of Fig. 466A. 




Fig 456A — Left- A simple cathode-ray tube in which the electrons emitted from the heated 
filament C are attracted by the positive plate P and shot through a hole through 
its center. They travel to the fluorescent screen S which they strike against and 
produce light. ^ _ 

Right In this cathode ray tube, two deflecting plates P and P have been added. 
(See Fig. 456B) ' - * • 


The stream of electrons can be deflected from its straight path by either an elec- 
trostatic field or a magnetic field. If the former method is to be employed, another fair 
of electrodes in the form of two plates and P 2 is introduced into the neck of the 
tube as shown in the view at the right of Fig. 456A, so that the stream of electrons 
passes through the space between them. If now, any voltage or difference* of poten- 
tial is applied between the plates, so that one is made “positive” with respect to th^ 
other, the electrons of the ray, being negative charges, will be drawn toward the posi- 
tive plate during their passage between the plates. (The electrons are not actually 
attracted sufficiently to make them actually go to the positive plate.) The result of 
this deflection is that the electron pencil or stream is bent as shown at (B) so that it 
strikes the screen at a different spot. If the stream is deflected from the position shown 
at the left to that at the right by the application of an increasing positive potential on 
one of the plates, the spot of light will trace a line along the screen. Similarly, a mag- 
netic field applied by a magnet or a coil of wire could be employed to deflect the electron 
stream. A cathode-ray tube with deflecting coils is shown at the left of Fig. 467. The 
amount of deflection of the stream and spot of light depends upon the strength of the 
applied electrostatic or magnetic field. Furthermore, since the electron stream is al- 
most without mass and sluggishness, it can follow even very rapid variations in the 
applied field. This makes it useful in television work where it is made to move in 
accordance with the rapid impulses comprising the television signal. 

The simple tube shown at the left and right of Fig. 456A provides 
a means for deflecting the spot of light in one direction or another (de- 
pending on which of the plates is made "positive”), along a straight line. 
By introducing another pair of parallel plates placed at right angles to the 
flrst pair, afld so that the electron stream can pass between both, as shown 
clearly in the actual tube illustrated in Fig. 466B, it is possible to deflect 
the spot of light in a direction at right angles to the deflection produced 
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by the first pair of plates. Now if suitable individually-varying potentials 
are applied to both pairs of plates simultaneously, the electron stream 
may be deflected in any desired direction. The spot of light will travel 
over the surface of the fluorescent plate, tracing figures of various shapes, 
depending on the particular variations of these potentials. If one points 
the lighted bulb of a small pocket flashlight toward his eyes and rapidly 
moves the flashlight so as to describe various figures, he will have some 
idea of the movements of the spot of light 


in the cathode-ray tube. 

It is evident, that by applying deflecting 
impulses of proper frequency and intensity, the 
spot of light may be made to deflect in any 
direction across the surface of the screen. For 
instance one pair of plates can be made to de- 
flect the spot back and forth “across** the screen 
thus tracing “lines of light,** while the other 
set can be made to alter the position of each 
line with respect to the next, thus imitating the 
successive “line** of “strip-scanning** action ob- 
tained by means of the common mechanical 
scanning disc described in Arts. 588 to 592. In 
this way, images may be traced out by the mov- 
ing spot of light if proper signal voltages are 
applied to the two sets of plates. The “lights** 
and “shadows** in the images thus created, may 
be produced by properly varying the luminous 
intensity of tjie fluorescent spot of light. This 
luminosity may be controlled by the electron 
stream density — which may be varied at will by 
rapidly varying the potential of the plate P 
ha'wng the hole in it, thus varying the attractive 
force tending to make the electrons move to- 
ward the plate. This of course varies the num- 
ber, which reach it, shoot through the hole, and 
Anally reach the screen, to produce light. 

The reader will perhaps realize now 
why the cathode-ray tube has been looked 
to as the means for solving the problem 



of eliminating mechanical scanning discs 
in the television system. The television 
signals are applied to the electrodes on 
the tube in the proper manner so as to 
cause the correct movement and varia- 


Courteny B^ll Telephone Labe. 

Pig. 456B — A cathode ray tube of 
the form shown In Fig. 456A. This 
tube has two pairs of deflect- 
ing plates. Each pair is mounted 
at right angles to the others. 


tion in the brilliance of the spot of light which traces out the images to be 
received, much the same as a scanning disc does. Of course there are ob- 
stacles which must be overcome before this system can be reduced to a 
practical workable basis. The size of the image is limited to a great ex- 
tent by the actual practical dimensions of the luminous surface in the 
tube and the practical amount of deflection of the electron stream which 
can be produced. Magnifying lenses can be used to magnify the image 
of course, but there is a lin\it to this imposed by the fact that the imper- 
fections are also magnified. The “detail” of the image is dependent on 
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how tiny a spot of bright luminosity can be created on the surface, for this 
determines the number of “lines” per inch. Another obstacle to be over- 
come, is the fact that present forms of cathode-ray tubes require rather 
high plate voltage to produce satisfactory operation and images of suffi- 
cient brightness to be seen at a distance in daylight. However, it is hoped 
that these obstacles will be overcome shortly. While the simple type of 
cathode-ray tube described here is modified somewhat when used for tele- 
vision, the operating principles involved are similar. A special form of 
tube construction which has been developed for television work will now 
be studied. 

603. The Farnsworth cathode-ray system: A cathode-ray tele- 
vision system which contains many features which indicate that it may be 
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Courtesy Radio Neooe Magazine 

Figr 457— Left: A cathode-ray tube with 
dehectin^ plates inside, and mag- 
netir coils outside to control the 
movement of the electron pencil 
as It writes on the luminous 
screen at the end of the tube. 

Risrht. Unretouched photogrraph of 
a television image of 20,000 ele- 
ments, transmitted by the Fame- 
worth television system. The 
screen effect shown here Is the 
result of the half-tone process and 
(lid not .appear in the original 
photographic print. 


developed into a successful commercial form, has been developed by Mr. 
Philo J. Farnsworth. In this system, the scene at the transmitter' is 
scanned with a cathode-ray beam, no disks or other moving mechanical 
parts being, used. A cathode-ray beam is also used to re-construct the 
picture at the receiver. The cathode-ray in the receiving tube 'and that 
in the transmitter are kept in exact step by means of a control current 
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which is transmitted along with the currents which reproduce the moving 
picture. It is claimed that a 400-line picture can be transmitted in a 10 
kc channel by this system. Compare this with the 36 kc channel re- 
quired for 60-line, 20 picture transmission by the disc scanning method. 
A reproduction of an unretouched photograph of an ilnage transmitted 
by means of cathode rays over the Farnsworth system is shown at the 
right of Fig. 467. The screen effect shown here is the result of the half- 
tone process and did not appear in the photographic print from which 
this illustration was made. 

The author is indebted to Mr. A. H. Halloran and to the editors of 
Radio News Magazine for permission to reprint the illustrations and de- 
scription of a specialized limited case which has been set up to facilitate 
an explanation of this system. While it does not define the entire pro- 
cedure of the Farnsworth system, for exact details are not available at 
this writing, it does give some idea of the system. 

A simplified circuit diagram of the system is shown at (A) of Fig. 458. “An 
optical image of a moving object 5 is focused through a lens 3 on to a silvered mirror 



Fig. 468 — (A) The simplified srhemalic layout of the Farnsworth system for narrow-band 
transmission of moving television pictures. The portion to the left of the dotted 
connecting lines is the transmitter, while the receiver is to the right. 

(B) A perspective view of the '•Dissector Tube” employed in this system, show- 
ing the design details. 


6, this being coated with a material which emits electrons when exposed to light. 
These parts constitute a sensitive photo-cell of a vacuum type, enclosed in a c^niii' 
drical glass tube 1. The mirror 6 is the cathode. Closely adjacent and parallel to it 
is an anode 7, which is maintained 600-volts positive with reference to 6, by means of 
a direct-current source 8. The anode consists of a finely-woven wire cloth through 
whose interstices the liberated electrons are projected into the equi-potential space 
formed by the shield 10. 

Sweeping across the equi-potential space are two electromagnetic fields which 
are set up by a-c of “saw-tooth” wave-form flowing in two sets of coils placed at right 
angles around the tube. When one set of coils, diagrammatically represented by 16, 
is supplied with a 16-cycle current from ari oscillator 16, it causes a magnetic field 
to sweep vertically across the tube 16 times per second. When the other set of coils, 
which is not shown in the diagram but which can be seen in the perspective view at 
(B) is supplied with a 3000-cycle current, a magnetic field sweeps horizontally acrdss 
the tube 3000 times per second. Their resulUnt effect upon the electrons in the equi- 
potential space is to form them into a cathode ray image which successively issues 
from each tiny element of picture area. This cathode ray is then magnetically focused 
through the small aperture 11 onto the target or electron collector 13. 

Hereon is produced a random series of electrical pulses, each having a square 
front wave (200)2 y 16 2 =. 320,000 cycles in width. Each pulse corresponds to 

an instantaneous change in light intensity in each element of area which is successive- 
ly scann^ by thd cathode ray. The variations in light intensity are thus converted 
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into correspondingr variations in current intensity. These current pulses are passed 
through a 6-stage admittance-neutralized amplifier (18) which is capable of passing 
a 600-kilocycle wave-band, with a practically straight frequency characteristic. 

Neglecting for the moment the filter 20 and the intervening network 21-40, and 
assuming that a 320-kilocycle distortionless channel were available to transmit the 
amplified current through the receiver, let us see what happens. The receiver is an- 
other cathode-ray tube through which sweep two sets of magnetic fields, one vertically 
and the other horizontally. The currents to establish these fields are 16-cycle and 
3000-cycle “saw-tooth*’ components of the 320-kilocycle band. Because of their pecul- 
iar shape they are readily extracted from among the other frequencies and are used 
to locally generate or amplify, through oscillators 38, sufficient current to induce the 
required magnetic fields which cause a cathode ray to sweep across a fluorescent 
screen 36, thus reproducing a moving picture in exact synchronism with the original 
moving object 5. 

In this vacuum tube, or oscillator, the electron-emitting element is a hot filament 
33. The emitted electrons are attracted to and projected through the aperture of a 
plate 35, the number of projected electrons being controlled by the current pulses' on 
the grid 32. The intensity of these current pulses, it will be remembered, depends 
upon the intensity of the light which initiates them. Consequently as they emerge 
from the plate into the space through which the two magnetic fields are sweeping, 
they are formed into a cathode ray which rapidly scans the area of the fluorescent 
screen 36, thereby forming the moving picture. 

But our assumption of a 320-kilocycle distortionless channel is not justified for 
either radio or wire transmission. In the entire 960-kilocycle spectrum used by Anwr- 
ican broadcasters of speech and music, there are only three such channels possible. 
So the greatest problem in television, and the one which Mr. Farnsworth is probably 
the first to solve in a practical manner, is how to utilize a narrow channel for the 
production of a moving picture which has sufficient clearness and detail. 

The manner in which he accomplishes this seemingly impossible feat is an in- 
teresting story in itself, entirely aside from his remarkable success with the cathode- 
ray tube. His work is based upon a painstaking study of the Fourier integral theoi em, 
one of the most complex and baffling of all mathematical conceptions. In his study 
of this theorem he discovered an error and in its correction realized the possibility of 
suppressing all frequencies beyond the limits of a very narrow band, and the« to 
supply the missing frequencies from derived components of the distorted pulse which 
is received. 

As it would take an accomplished mathematician to understand Mr. Farnsworth’s 
analysis, no attempt will be made to present it here mathematically. Yet it is possibly 
to give an interpretation which can be understood by any student familiar with tri- 
gonometry. 

Mr. Farnsworth starts with the fact that the abrupt changes in light intensity 
during the scanning of a picture cause corresponding abrupt changes in the pulses of 
•electric current into which the picture is converted by the scanning process. Each 
signal wave is characterized by an abrupt square front which suddenly increases from 
zero to a maximum value, or likewise suddenly decreases from a maximum to zero, in 
an instant of time. These are the changes that correspond to an instantaneous change 
from black to white, or vice versa, in a picture. For less intense changes in light 
intensity, there are less intense changes in current. But always each change is char- 
acterized by a vertical wave-front. 

But the straight wave-front becomes distorted in the electrical system and also 
in the transmitter aperture, so that the pulse which arrives at the receiver has a 
sloping wave-front. It causes a badly blurred picture. Only by filling in the gap of 
missing frequencies can the oblique front be changed to a vertical front and the 
blurred picture converted into one whose details are clear and distinct. 

This filling-in can be done in various ways. The general idea can be understood 
by considering one method which happens to be applicable to the wire transmission 
of a moving picture. This method uses a low-pass filter in the transmitter, as shown 
at 20. Incidentally it is of interest to know that a band-pass filter, calculated to pass 
frequencies ifi the neighborhood of 2100 kilocycles, would enable the pulses to be radi- 
ated directly, without the necessity of modulating a separate carrier. 

Connected in series with the line is a resistor 22 which feeds a shunt circuit con- 
atating of an inductance 23 and a variable resistor 26. The resistive impedance of 22 
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is of sufficiently high value to control the current independently of the effect of the 
inductive impedance 23. The flow of current I through 25 causes a voltage drop e =z 
IR and* through inductance 23 a voltage drop e' which is proportional to the rate of 
change of current I. It thus becomes the first derivative of 1. 

The sum of the two voltages e 4- o' is impressed upon the grid of a vacuum tube 
which has a high output resistance. Its plate current, which is an amplification of I 
and 1' , in flowing through resistor 28 causes a voltage drop e" which is proportional 
to I and r . The same currents in inductance 27 cause a voltage drop proportional to 
their rates of change, thus producing the differentiated currents V and I", which are 
fed into the condenser 30 which stores or integrates the pulses fed to it, converting 
part of the second derivative back to the first derivative and part of the hrst back to 
the fundamental. 

The pulses which are fed to the grid 32 control the intensity of the cathode ray 
which creates the picture, as already explained. Resistors 25 and 28 are variable, 
so that the values of the several components can be adjusted until the picture has the 
best appearance. 

It should be remembered that this example merely defines one case of Mr. Farns- 
worth’s invention. His entire idea cannot be fully understood without greater re- 
course to mathematics than is here possible. But it is hoped that this qualitative 
analysis of how the warp and woof of the moving picture is hrst formed by a cathode 
ray, then cut into a mere scrap of the original, and Anally patched so as to reproduce 
the original pattern, may pave the way for an understanding of the quantitative 
analysis that will probably be available as soon as the transmitted pictures are ready 
for reception in the home.” 

• 604. Future of televiaion: Present methods for transmission and 

reception of scenes are by no means perfect. They have very definite limi- 
tations, and it is entirely possible that practical television of the future 
will operate on entirely different principles. The cathode-ray system is 
practically the only radically new system which has been developed along 
lines "totally different from those already in use. At the time of this 
writing, the merits of this system have not yet been proved on a commer- 
.ciai basis, and construction and operation data are lacking, only meagre 
details filtering out from the laboratories in which it is being developed 
and perfected. Obviously no definite opinions can yet be formed regard- 
ing it. It does possess many interesting and unusual features however, 
‘and something may come of it. 

The circuits and equipment shown in this chapter were included to 
give the reader an insight into how the television transmission and re- 
ceiving problem is being attacked and worked out. It is probable that if 
commercial television ever becomes a practical reality and is perfected to 
the point where it has entertainment and educational value, the appara- 
tus used may differ in design or even in principle from that described. 
Although some of the most able scientists in the world are working on the 
problem, the difficulties involved in making television really practical are 
tremendous. However, we should not be too pessimistic about the outcome, 
for in this day of invention and research, the impossibility of yesterday 
becomes the actual reality of today. Many workers have directed their 
research to the possibility of transmitting the television programs over 
the existing telephone or electric light circuit wires in the large cities, 
rather than attempt to transmit by radio. In this way wide transmission 
frequency channels could be employed. Just what possibilities this method 
has to offer still remains to be seen. 
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REVIEW QUESTIONS 

1. What is meant by the term television? 

2 . What is^meant by persistence of vision? How is this utilized in 
the motion picture; in television? Describe a simple experi* 
ment which illustrates persistence of vision. 

3. Describe in detail, the principles involved in scanning a scene at 
the transmitting station by means of a scanning disc. Make all 
drawings necessary to illustrate your description. 

4. Repeat question 3 for the disc in the receiving station. 

5. A television system is to be designed to transmit pictures using 
48 line — 15 frame pictures, 1 inch by 1 inch in size, (a) what 
must be the speed of rotation of the scanning disc; (b) what 
audio-frequency range must the receiver handle; (c) draw a 
sketch showing the layout of the holes on the scanning disc. 

6. What is the purpose of the photoelectric cell in television sys- 
tems? 

7. Draw a circuit diagram of a two stage resistance-capacity 
coupled amplifier for amplifying the output of a photoelectric 
cell used in a television transmitter. 

8. What is the purpose of the neon tube? Explain how it operates. 

9. Why are resistance-coupled a-f amplifiers used alpiost exclu- 
sively, in television work? 

10 . Explain what form of distortion makes a transformer-coupled 

a-f amplifier unsuited for television work? • 

11 . Why can more distortion be allowed in the a-f amplifiers used 
in sound amplifier systems, than in television systems? 

12 . What are the advantages of short wave transmission for tele- 
vision signals? 

13. Draw sketches showing three different arrangements of the 
holes in the scanning discs. What are the advantages of each? 

14 . State and explain the general advantages which the cathode-ray 
type of television system has over the type with mechanical 
scanning discs, etc. 

15 . State several practical limitations of mechanical scanning disc 
arrangements. 

16 . What effect would “static” disturbances due to local electrical in- 
terference, thunderstorms, etc., have on the received picture in 
a television system? 

17 . Draw the necessary sketches and explain the operation of an or- 
dinary form of cathode-ray tube. 

18 . Explain in a general way just what purpose a cathode-ray tube 
can be used to serve in a television system. What are some of 
its desirable features for this work? 
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THE ANTENNA AND GROUND 

THE ANTENNA SYSTEM — WHY THE ANTENNA IS USED — TYPES OP ANTEN- 
NAS — THE RECEIVING ANTENNA INSTALLATION — ANTENNA LENGTH — 
AERIAL WIRE — ERECTING AND INSULATING THE AERIAL WIRES — THE 
LEAD-IN WIRE — SHIELDED LEAD-IN — ENTERING THE BUILDING — THE 
GROUND CONNECTION — THE LIGHTNING ARRESTER — LIGHT SOCKET AND 
INDOOR ANTENNAS — COUNTERPOISE GROUND — SCREEN ANTENNAS — 
LOOP ANTENNAS — REVIEW QUESTIONS. 

, 605. The antenna system: Before proceeding with a study of 
antennas, it would be well to briefly review a few points regarding the' 
terms used in antenna circuit nomenclature. 

Considering the usual flat-top types of antennas used for receiving, 
it ha^ become somewhat common for the layman to use the terms antenna 
and atrial Interchangeably. Accurately speaking, the top or elevated 
portion of the antenna is the aerial ; and that portion which completes the.J 
electrical connection between the elevated aerial portion and the receiving 
instruments, is the lead-in wire. The antenna is the entire system, con- 
sisting of the aerial and lead-in wires. The ground really constitutes the 
earth itself, (or a counterpoise ground system), and the wire connecting 
the receiving instruments with the earth (see Fig. 177). The latter is 
sometimes called the ground wire or ground lead. 

606. Why the antenna is used: At the radio transmitting station, 
the antenna system is used to create the electromagnetic radiations popu- 
larly known as “radio waves”, which travel out into space. Therefore 
transmitting antenna systems are designed so that a maximum amount 
of useful radiation is produced by a given expenditure of electrical power 
in them. At the receiving station, the function of the antenna system is 
to act as circuit in which the passing electromagnetic radiations from the 
transmitting stations may induce signal voltages which are as strong as 
possible. These signal voltages cause corresponding high-frequency al- 
ternating signal currents to flow up and down through the circuit be- 
tween the aerial wire and the ground, which really form the plates of a 
large condenser (see Figs. 177 and 179) . 

The resistance of this path through which the signal current must circulate, should 
be kept as low as possible so that a maximum amount of current will IBow, and act 
on the receiver circuit. This means that all antenna and ground circuit connections 
should be well made so as to have as low a resistance as possible. Since the action 
of the transmitting antenna in producing radiations was explained in detail in Chap- 
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ter 15, and the action of the receiving antenna was explained in detail in Arts. 243, 
244 and 247, this will not be considered again here. The reader is urged to review 
this work briefly at this time to refresh his memory on these points. It will be re- 
membered that the antenna circuit really forms a condenser circuit. 

The arbitrarily selected standard antenna which is used in radio receiver sensi- 
tivity tests and measurements is an antenna of 4 meters effective height, 25 ohms 
resistance, 200 micro-microfarads capacitance and 20 microhenries inductance. Such 
an antenna may be easily constructed artificially for test purposes, (except as to 
height), by connecting the proper values of inductance, resistance and capacitance 
together. 

607. Types of antennas: Many forms of antennas have been 
devised for transmitting end receiving, each form having a particular 



Fig. 460 — Left A vertical antenna 

Center A T-type antenna with a horizontal top portion. 

Right- An inverted L type antenna. This type is used extensively for receiving 

characteristic desirable for some special operating condition. Perhaps the 
most unusual form is the short doublet type with reflectors shown in Fig. 
434, and used in the transmission and reception of quasi-opticel rays.* The 
more common forms of antennas used for broadcast-band and ordinary 
short wave transmission and reception will now be considered. 

Fig. 460 shows three common simple forms of antennas. At the*left 
is a simple vertical wire type, which transmits and receives equally well 
in all directions. In the center is a T-type antenna. This consists of a 
vertical lead-in wire attached to the horizontal aerial wire at its center 
point. Antennas of this type transmit or receive best in the line of direc- 
tion of the horizontal portion, and equally well in both directions along 
this line. At the right is an inverted-L antenna commonly used for re- 
ception on account of the convenience of erecting it, as we shall see. It 
transmits best from the direction of the lead-in end. For ordinary broad- 
cast band reception, it receives slightly better from the direction of the 
lead-in, but for short wave reception this directional effect is rather 
marked especially on some frequencies. This property may be taken ad- 
vantage of for receiving the signals strongly from stations in some par- 
ticular direction, by properly laying out the receiving antenna’s direction. 

A horizontal-V type antenna is shown at the left of Fig. 461. This is 
also used quite extensively for receiving. It transmits and receives best 
in the direction in which the V points. To the right of this is the um- 
brella type antenna. Since this type has a number of conducting paths in 
parallel, it has a very low resistance, and it transmits equally well in all 
directions. It is used somewhat for transmitting, but its rather compli- 
cated structure has limited its use for receiving. 
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Two types of loop or coil antennas are shown next. The one at the 
left is a flat or pancake loop consisting of a number of turns of wire 
wound in the form of a flat spiral coil and supported on a framework 
(not shown). The box type loop has the wires wound in the form of a 
rectangular box. • 

The loop type of antenna is commonly used without a ground connection, since it 
operates entirely by the inductive action of the electromagnetic fields cutting across 
the wires of the loop, much the same as the action of the armature wires in an elec- 
tric generator. Loop antennas are constructed from about 1 ft. square, to loops of 
large size, perhaps to 10 or 16 feet square depending on the space available. Their 
signal pickup is rather small, and they are used mainly on account of their sharp 
directional property of transmitting or receiving best from the two directions along 
the line of the plane of the loop, and practically zero along the line of direction at 
right angles to this plane. This makes them extremely useful for radio beacon work, 
(see Art. 539), for electrical interference locators, for radio direction-finding systems, 
etc. 

608. The receiving-antenna installation: Modern radio receivers 
are being constructed so sensitive, (i.e. provide so much amplification), 
that in most cases only a very small antenna system consisting perhaps 
of 10 or 20 feet of wire strung around the picture molding or baseboard 
of the room in which the receiver is installed, is required for good local- 
station reception. However, in many locations it is desirable to erect a 
larger outdoor antenna in which rather strong signal voltages and cur- 
rents will be set up. 

Any attempts to set down definite, detailed rules for the erection of 
a recefving &ntenna would be foolish, since the environment of practically 
every antenna installation presents different conditions which require 



Fig. 461— Left to right; Horizontal V type, Umbrella type; flat or pancake loop, and box tfrpe 
loop antenna. 


that the antenna be designed and erected to conform with them. Thus, 
it is perfectly easy to specify that an antenna should be erected say 100 
feet high and made 100 feet long, but it may not be possible to do this 
in many installations simply because the surrounding layout of buildings, 
trees, etc. may not permit it. In crowded locations, such as in city apart- 
ment house districts where one encounters countless difficulties in the 
presence of numerous other antennas, and finds no convenient support 
for the conteniplated one, the best judgment must be exercised. All we 
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can do is study some of the general truiding principles which apply to the 
installation of antennas in most cases. 

609. Antenna length: The amount of energy that reaches the 
average receiving antenna is too small to be measured directly by any 
practical instrument. The voltages induced in antenna systems are so 
small that they are usually measured in microvolts (millionths of a volt) 
(see Art. 228, 347 and 348) . Of course the voltage induced by any one sta- 
tion depends not only on the receiving antenna system but also on the 
power employed by the transmitting station, its distance away, and the 
transmission conditions. With modern receivers, excellent reception may 
be obtained with voltages as low as 100 microvolts (.0001 volts) induced 
in a good antenna circuit. 

If we assume that the average height of an outside aerial is about 
30 or 40 feet, a total length of wire not exceeding about 60 to 75 feet is 
all that is necessary or desirable for ordinary broadcast-band reception. 
In these days of high-power transmitting stations, an aerial of these di- 
mensions provides ample signal pick up in most cases, and much shorter 
aerials may very often be used. If the antenna system is made too long, 
the received energy is greater, but since the antenna picks up the signals 
of the unwanted stations as well as those of the wanted stations, lengthen- 
ing it may make the unwanted station signals so strong that it may be 
difficult to tune them out, i.e., the selectivity decreases. For short wave 
reception a shorter antenna system having a total length of< from, about 
20 to 40 feet is usually suitable. 

610. Aerial wire: The resistance of the entire antenna and 
ground system should be kept as low as possible. Number 12 or 14 g&uge 
copper wire is best for aerial wire, as it has good conductivity, joints in 
it can easily be soldered, and it is mechanically strong. Due to some “skin 
effect”, especially at high frequencies, the oscillating currents set up ir 
the antenna circuit may travel along the surface of the wire (see Fig. 291) . 
Therefore, the greatest possible surface should be offered for the flow 
of current. A wire consisting of 7 twisted strands of No. 22 gauge copper 
wire offers a larger surface than a single strand of approximately equal 
cross-section area. For this reason, 7/22 wire, as this stranded wire is 
called, is used extensively for receiving aerials. It also has great tensile 
strength. Fancy forms of wire are not necessary. Owing to the rapid 
oxidation of the wire, which occurs in the smoky atmosphere of cities, 
the use of enameled covered 7/22 wire is often advised but is not really 
essential. As we shall see, it is very convenient to make the aerial and 
lead-in of a single piece of wire. Antenna wire is sold in convenient 
lOO-foot rolls for this purpose, (see Fig. 462) . 

611. Erecting and insulating the aerial wire: The aerial wire 
should be erected as far away from nearby electric light or power wires 
as possible.. If it is practical, it should be run in a direction at right an- 
gles from such wires, also those of any nearby trolley lines, electric rail- 
roads, etc., from which electrical disturbances might be picked up. In 
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this case the lead-in should be taken off the end of the aerial furthest 
from the source of the disturbance. 

The antenna system should also be kept away from large metallic roofs, metal 
gutters or leaders, steel framework or metal lath of buildings, large trees, etc., since 
these grounded objects absorb the radio energy and leave little for the antenna. If 
it is found necessary to run any part of the antenna system dver a metal roof, it 

should be kept at least 8 or 10 feet above it. The aerial wire must be supported at 

each end. It may be supported by metal or wooden masts, chimneys, trees, etc., but 
in every case it should be insulated from the supporting objects at each end by suit- 
able insulators, to prevent leakage of the received energy to the earth instead of al- 
lowing it to perform its useful function in the radio receiver. If a tree is used as a 

support, the insulator should be fastened to a wire running to the tree, so that it is 

kept at least 6 feet from the end of the nearby foliage and branches. 

Aerial wire insulators made of Pyrex glass, porcelain, etc., are usual- 
ly made with an eye or hole at each end for easy fastening of the wire. 
They are also of ribbed construction in order to increase the length of 



Courtesy Cornish Wire Co. 



Courtesy Corning Glass Oo. 

Fig:. 462 — Left: A complete receiving antenna 
kit containing all the material neces- 
sary for the erection of a complete 
antenna-ground system. 


Right A Pyrex glass antenna Insulator. Notice the eye at each end, and the ribbed con- 
struction to reduce leakage of the weak signal energy from one end to the other over the 
surface of the insulator in wet weather 


the surface-leakage path from one end to the other. A Pyrex glass in- 
sulator of this type is shown at the right of Fig. 462. Notice the eye at 
each end, and the ribs. 

Fig. 463 shows a typical inverted-L antenna installation from a house 
to a pole erected a short distance away. An additional pole is shown 
erected on the house (this is not absolutely necessary but helps to elevate 
the aerial wire). Additional brackets with porcelain knob-type insula- 
tors are used to keep the lead-in wire a foot or two away from the side of 
the building. 

The horizontal aerial wire portion is insulated at each end by the insulators shown. 
It is not necessary or desirable to cut the aerial wire at insulator “A” and join the 
lead-in wire to it. The lead-in and aerial should both be part of the same single piece 
of wire. This obviates the necessity for making and soldering a joint at this point. 
The convenience of this will be appreciated by those readers who have at some time 
or another tried to keep a 'oldering iron sufficiently hot until they were able to get to 
the roof and in position to solder an aerial joint. The detail drawing at the upper 
right hand corner, shows how the continuous aerial lead-in wire may be fastened to 
the insulator by a separate fastening wire about 18 inches long. This is drawn 
through the eye of the insulator to its mid-point; then each end is twisted tightly 
around the aerial-lead-in wire as shown. The latter wire will not be able to slide or 
pull out. Due to the changes in temperature at different seasons of the year, the 
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aerial wire expands and contracts. During the summer it expands, and if it is loi^ 
it may sag considerably. This expansion and contraction can be taken up automatic- 
ally by one of the spring-tension aerial wire adjusters made for this purpose. This 
is usually put between one of the insulators and the guy-wire aerial support. The 
spring has sufficient tension to just take up the slack in the aerial wire at all times. 

612 . The lead-in wire: The lead-in wire should be kept at 
least 6 inches away from all buildings, trees, or other obstructions. It 
should never be allowed to touch the metal cornice or leader at the edge 
of the roof, for these are grounded. The lead-in may be kept at a dis- 
tance of 1 foot or more from the building by means of brackets and “por- 
celain knob“ insulators as shown in Fig. 463. Insulators of this type are 



461 — Installation of a complete Inverted-L. antenna system on a house. The method of 
maLking the continuous aerial lead-in Installation at the house end is shown in the 
detail drawing at the upper right. 

shown at the extreme left of the illustration at the left of Fig. 462. Long 
“stand-off” insulators may also be used for this purpose. 

613 . Shielded lead-in: In many installations as in apartment 
houses, hotels, etc., it is necessary to install the aerial wire a considerable 
distance above or away from the receiver. The long lead-in wire of course 
acts just like the aerial in picking up radio signals, and also in having 
electrical impulses induced in it by any electrical appliances, used in the 
building. Elevator motors and switching devices, relay contacts on elec- 
tric refrigerators, etc., may induce considerable disturbing voltages in 
it, so that reception becomes extremely noisy. In cases of this kind the 
lead-in wire can consist of shielded wire, (see Art. 613). 
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This may take the form of rubber- insulated copper wire, surrounded by a lead 
braided copper shielding, as shown at (A) of Fig. 464. The outside 
shielding covering is to ground either at lower end, or preferably at several 

intervals along its length. The wire from the radio receiver to the ground connection 
may also be shielded in this way if it is long. The aerial wire portion of the antenna 
system ^ill then be the only part picking up signals and electrical disturbances. Of 
course shielded wire should not be used for this part, for then no signals would be 
picked up. * 

Since the shielded lead-in adds considerable capacitance to the antenna circuit it 
throw out the tracking of the antenna tuned stage in a single-dial receiver used 
with it, and necessitate re-alignment of the first tuning section of the gang condenser 
in the receiver (see Arts. 632 to 639). 

614. Entering the building: Two methods of bringing the lead- 
in wire into the building are commonly employed. The simplest way is 
to bring it in through a window nearest to the receiver, using a special 
flat, flexible, insulated window lead-in strip for this purpose. 
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Fig- |64— (A) Shielded lead-in wire used to prevent pickup of electrical disturbances by the 
lead-in wire. 

(B) A window lead-in strip In place between the window and the sill. 

(C) A porcelain tube lead-in bushing installed In a wall. 


These strips consist of a flat conductor about % inch wide, covered with an in- 
sulating covering, and provided with a terminal at each end. The strip is placed so 
the window closes on it, as shown at (B) of Fig. 464, being bent to conform with 
the shape of window jamb. The end of the lead-in wire connects to the outside term- 
inal, and the wire running to the radio receiver connects to the other terminal. Al- 
though clip connections are usually provided on these strips, the wires should be sol- 
dered to them, for otherwise they will soon corrode and poor connections result. The 
strip should have a good waterproof insulating covering. A lead-in strip of this kind 
is shown directly up front in the left illustration of Fig. 462. A rubber-covered wire 
of* about No. 14 gauge is run from the window lead-in strip to the radio receiver. It 
may be fastened along the groove or top of the baseboard of the room, with small 
staples. 

In the other method of carrying the lead-in circuit into the build- 
ing, a hollow porcelain tube bushing similar to the type used in “cleat 
and tube” electric wiring, is inserted into a hole drilled through the wall, 
as shown at (C) of Fig. 464. The tube should slope downward to the 
outside, so that rain running down from the lead-in wire will not run 
through the tube, into the building. Of course the installation of this 
tube is very difficult in cases where the wall is made of brick, etc., so the 
window lead-in strip is more commonly used. 
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615. The ground connection: The ground connecting wire from 
the radio receiver to the ground connection should be not smaller than 
No. 14 gauge. The ground connection should provide an electrical con- 
nection of as low a resistance as possible to the earth, since the earth 
acts as one of the plates of the large condenser formed by the antenna 
system, and the full signal current in the antenna system must flow 
through the contact during each half cycle. The importance of a good 
low-resistance contact to the earth cannot be too strongly emphasized. 
Of course, if a “counterpoise ground” is employed, no “earth” connection 
is required (see Art. 243). 

A water pipe which forms part of a water supply system installed in the earth, 
usually makes an excellent ground, since it makes intimate contact with the earth 
for a long distance. Water-pipe grounds are approved by the Board of Fire Under- 
writers, as they are far more efficient than the average artificial or home-made 
ground connections. The connection of the ground wire from the receiver, to the 



Fig 465 — (A) A str.xp-type ground clamp in place on a water pipe 

(H) A C-clamp type ground clamp in place on a water pipe. 

(C) Using a metal bucket in a well as a ground 

(D) A copper plate at least 2 ft square buried in moist earth makes a good ground. 

water pipe should be made by means of a suitable metal “ground clamp” designed 
especially for the purpose. Merely wrapping the bare wire around the pipe does not 
make a good ground connection, for the wire will quickly corrode, and a poor contact 
will result. A ground wire connected to a simple strap-type ground clamp installed on 
a pipe, is shown at (A) of Fig. 465. In order to make certain of good contact, the 
pipe should first be cleaned thoroughly by filing off any rust or paint with a file or 
sandpaper. The strap of the clamp should then be tightened around the pipe. The 
ground wire should be wound around the screw, and the nut tightened down on the 
wire. A C-clamp type ground clamp is shown at (B). It is not necessary to clean the 
pipe first when this is used, since the hardened steel point of the tightening screw 
and the clamp, bite into the metal of the pipe, and make good contact. 

Where a water pipe is not conveniently handy for use as a ground connection, such 
articles as a radiator, large copper plate or a bucket buried in a well as at (C) of 
Fig. 465, or a copper plate about 2 feet square buried in moist earth as shown at 
(D) can be used. Gas pipes should never be used for ground connections. A coun- 
terpoise ground (see Art. 618) can also be used. 

In general, the more well-grounded objects one can connect the ground lead of 
a receiving set to, the better will be the reception — perhaps not noticeable on local 
station reception, but certainly noticeable during distant station reception, since the 
resistance of the antenna-ground path for the signal current is lowered. 

616. The lightning arrester: An essential part of any outdoor 
antenna installation is the so-called lightning arrester. The rules of the 
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Board of Fire Underwriters require that an approved form of lightning 
arrester always be employed. 

The lightning arrester is connected directly from the antenna lead-in wire to the 
ground, shunting the radio* receiver. The lightning arrester in its simplest form as 
shown at the left of Fig. 466, consists simply of two metal electrodes which are 
spaced a few thousandths of an inch apart, (either in air or in a vacuum), so that 
the ordinary low-voltage radio signals cannot jump across this gap to the ground. 
Therefore, so far as the radio signals are concerned, it presents an open circuitt so the 
signal currents take their usual path from the lead-in wire through the antenna coil 
of the receiver coil down to the ground. Therefore, the arrester does not affect the 
radio reception. It takes about 500 volts to break down the air-gap or vacuum-gap in 
an arrester. However, if high potentials should be induced in the aerial by discharges 
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Fig. 466— Left- How a lightning arrester and ^counterpoise wires 
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ordinary antenna-enrth system. 

of lightning in the vicinity, the voltage is high Tnste^^d oTflSwing 

•gap in the arrester and complete the path directly to the ^ound, instep of nowi^^ 
through the larger opposition offered by the "^‘’“ct.ve action of the primw^^^^ 
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The lightning arrester is usually enclosed in 
may be screwed directly to the outside .of the 

where the lead-in wire is brought into the building, see 463 One end 

should be connected to a Va inch iron pipe driven to 

into the ground, directly under the window. It is absolutely essential to 

use this separate outdoor ground for the lightning ® 

the path of all possible lightning discharges outside of the building. The 
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wire should be fastened to the pipe by an ordinary ground clamp. The 
copper connecting-wire may be bare, but should be of a size not smaller 
than 14 gauge wire. It should run in as nearly a straight direct line as 
possible, to the ground pipe. 

617. Light-socket and indoor antennas: In many cases, as in 
large apartment houses, etc., it may not be practical or desirable to erect 
an outside antenna for radio reception. An indoor antenna consisting of 
a single wire laid in the top channel or groove of the picture molding of 
one or two rooms, or strung up in an attic, is often used as an indoor an- 
tenna. Of course the radiations penetrate through the walls of the build- 
ing and act on the antenna. In buildings in which metal lath is used in the 
outside walls, radio reception from an indoor antenna of this kind may not 
be very successful, since the lath acts as a screen and shields the antenna 
wire from the radio fields. 

In some localities, especially where the electric light circuits are dis- 
tributed on poles in the streets above the ground, excellent results are of- 
ten obtained with a light-socket antenna, consisting of a plug which is 
screwed into the light socket. Inside the plug is a small fixed condenser, 
one terminal of which connects to one side of the lighting circuit, and 
the other terminal of which is brought out to a terminal on the side of 
the plug, for connection to the antenna terminal in the receiver. The 
other side of the line is dead-ended. The condenser acts as a blocking 
condenser to prevent an actual direct circuit for the line current from the 
line through the set to the ground. It does allow any r-f radio signals 
picked up by the electric light wires acting as antennas, to act on the. re- 
ceiver, however. Sometimes, better reception is obtained by reversing 
the plug in the lighting socket. Some receivers are designed for use with 
a loop antenna concealed inside the cabinet of the receiver. 

618. Counterpoise ground: In places where it is difficult to se- 
cure a ground connection at all, as in the case of the installation of radio 
equipment on automobiles or aircraft (see Arts. 243 & 632), or where 
it is difficult to secure a ground connection of good conductivity (as where 
the soil is dry and rocky, and the ground water is at a considerable depth) , 
a counterpoise ground can be used. This consists usually of a wire, or 
system of wires, supported a foot or two above the surface of the ground 
and insulated from it. The counterpoise should run parallel to the an- 
tenna and preferably under it. The receiving set is connected to the regu- 
lar antenna and counterpoise ground as shown at the right of Fig. 466, 
no connection to the earth being employed. 

The counterpoise may consist of several wires, or a wire screen or net. It merely 
acts as one plate of the antenna-system condenser, with the aerial and lead-in wires as 
the other plate. As it has good conductivity, it works better than a high-resistance 
ground even though its surface area is much smaller. 

Counte^oise grounds are used extensively where regular ground connections are 
difficult or impossible to attain. Thus when operating a portable receiver in an auto- 
mobile, a short antenna can be installed in the roof of the car, and the frame of the 
ear used as a counterpoise ground (see Art. 632). The rubber tires insulate the frame 
from the earth. Aeroplanes usually use either a trailing-wire antenna or an antenna 
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mounted on insulated supports above the wings. The wing and fuselage bracing wires, 
motor frsme, etc., are all connected or ‘‘bonded*' together electrically with wire to 
form a counterpoise ground. 

619. Screen antenna: A simple screen antenna used in some re- 
ceiver installations, such as on automobiles, in the receiver cabinet in 
homes in connection with very sensitive receivers, etc., is shown at the 
left of Fig. 467. 

This consists of a copper or brass plate or screen, three or four feet square, which 
acto as the antenna. ^ A regular ground connection is also used. When a screen of 
this type, is enclosed in the radio receiver cabinet, it has the advantage of making it 
unnecessary to erect an outside antenna. However, since the energy pickup of the 
screen is low, a very sensitive receiver must be employed with it. 

620. Loop antenna: Loop antennas generally consist of a rec- 
tangular or circular coil of from 1 to 15 or 20 turns of insulated wire 
wound on a supporting framework, as shown at the right of Fig. 461. 
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Fig 467 — Left: Screen type antenna used extensively In radio Installations on automobiles. 

Right: How a loop antenna may be connected to a receiver; no connection to the 
earth is necessary. The loop is tuned by the tuning condenser. 


•This type of antenna operates solely by the inductive action of the mag- 
netic field sent out by the broadcast station. As this field moving at high 
velocity cuts across the plane of the loop it induces voltage in the wires 
by electromagnetic induction. (The action is similar to the induction of 
voltage in the armature wires of a dynamo.) 

If the loop is turned so the field strikes along the direction of its plane, the in- 
duced voltage in the various turns are in such directions as to add to each other, thus 
giving maximum response. The voltage is induced due to the fact that by the time 
the field has travelled from one side of the loop to the other side, it has advanced 
through a part of its cycle, and so the phase-relation of the induced voltages in both 
sides of the loops differ. If the loop is turned so its plane is at right angles to the 
advancing signal field, the voltages in both halves are equal arid opposite in direction 
and hence cancel each other. In this case, there is no response. 

Loop antennas have small pick-up unless made of large, unwieldy size. They 
are usually operated with very sensitive receivers, such as superheterodynes, etc. 
The loop is usually conne ted to the first tuning condenser of the receiver for tuning, 
as shown in Fig. 467. Consequently, the loop should be designed so its inductance 
will produce resonance over the entire wave band it is desired to receive, when worked 
with the particular tuning condenser to be used. The directional effects of loop an- 
tennas find very important use in radio direction finders and beam compasses. When 
maximum response from the beacon transmitting station is heard, the plane of the 
loop is pointing, directly to th^ transmitting antenna. 
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REVIEW QUESTIONS 

1. What is the purpose of the antenna in a radio transmitting sta- 
tion? Explain how it performs this function. 

2. What is 'the purpose of the antenna in a radio receiving station? 
Explain how it performs this function. 

3. Explain and show by means of a sketch, how an elevated anten- 
na and the earth form a condenser. By means of arrows, in- 
dicate on this sketch the path of the signal currents in the en- 
tire antenna system. 

4. Mark the following parts oii the above sketch; (a) the aerial; 
(b) the lead-in; (c) the ground wire; (d) the earth. 

5. Upon what factors does the capacitance of the condensers formed 
by the aerial, lead-in, and earth depend? Explain! 

6. Explain in detail how signal voltages and currents are set up 
in an ordinary inverted-L type antenna. 

7. Draw sketches of 4 types of antennas, and explain the construc- 
tion of each. 

8. Draw a sketch and explain step by step, how to erect a horizon- 
tal-L antenna, and ground system complete with a lightning ar- 
rester. Show the primary winding of the antenna coupling 
coil in the radio receiver, connected properly in the circuit. 

9. Describe the construction, and explain the operation of a> light- 
ning arrester. Why doesn’t the signal current leak through the 
arrester to ground just as the static disturbances do? 

10. Why are insulators used on antennas? What desirable prdber- 
ties should antenna insulators have? Explain why ribbing the 
surface increases the resistance to surface-leakage. 

11. Explain why a low-resistance ground connection is important 
for good reception. What steps should be taken to make the 
ground system of low resistance? 

12. What is a counterpoise ground? What are its advantages? 
Why is it used in automobile radio installations? 

13. Describe a common form of lightning arrester, and show how 
it should be connected to a receiving antenna. 

14. What is a loop antenna? Explain its principle of operation. 

15. In which direction does a loop antenna receive best? Why? 

16. May rubber-covered copper wire be used as aerial wire? Why? 

17. What benefits are secured by shielding the antenna lead-in wire? 

18. Describe the construction of a light-socket antenna plug. How 
does this operate? 

19. Why is a separate ground required for the lightning arrester? 
How is this secured? 

20. What is the purpose of the ground clamp? Draw a sketch of 
one, of the strap type. Explain how the pipe should be pre- 
pared before the ground clamp is put on the pipe. 
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TESTING AND SERVICING 

NEED FOR TESTING — METHODS OP TESTING FOR OPEN CIRCUITS — TESTING 
FOR SHORT CIRCUITS — TESTING FOR HIGH RESISTANCE GROUNDS — CHECK- 
ING RESISTANCE VALUES — TESTING FILTER AND BY-PASS CONDENSERS — 
CIRCUIT ANALYSIS AND SIMPLIFIED CONTINUITY CIRCUIT DIAGRAMS - - 
R.M.A. RESISTOR AND WIRE-COLOR CODES — ANALYZING THE CIRCUITS OF A 
RECEIVER WITH SEPARATE INSTRUMENTS — THE SET ANALYZER METHOD OP 
DIAGNOSING TROUBLE — COMMERCIAL SET TESTERS OR ANALYZERS — AN- 
ALYZING TUNING CIRCUITS — USE OF THE OUTPUT METER IN ALIGNING — 
THE OSCILLATOR CIRCUIT — SIMPLE TEST OSCILLATORS — COMMERCIAL TEST 
OSCILLATORS — ALIGNING TUNED STAGES IN T.R.F. RECEIVERS — ALIGNING 
TUNED STAGES IN SUPERHETERODYNES — REVIEW QUESTIONS. 

621. Need for testing: Radio equipment of any kind is, in the 
final analysis, merely a combination of electron streams, wires, induc- 
tancda, resistances and capacitances, properly constructed and connected 
together. It seems almost impossible that so many different circuit com- 
binations could be evolved from just these five elements, but it is true 
hevdrtheless. Consider any receiver circuit, no matter how complicated — 
that of Fig. 453 will do. Study and analyze it carefully. Look at every 
part, and you will find that it consists of either a resistance, an induc- 
tance, a capacitance, or an electronic-stream device (vacuum tube) with 
connecting wires. It is possible for any of these parts to become inopera- 
tive due to one cause or another; just as it is possible for wires to come 
loose, causing open circuits; or insulation to deteriorate, rub, or chafe, 
causing short-circuits. Vacuum tubes are liable to become inoperative 
due to a decrease of electron emission caused by all of the active material 
on the cathode becoming used up — or the filament may burn out. If the 
general arrangement of radio circuits is known, and a knowledge of the 
various methods of testing for opens, shorts, etc., is at hand, it is possible 
with some little experience, to locate trouble of any kind in radio equip- 
ment. 

Many troubles may arise in radio receivers, and it is necessary to 
know not only how to repair the trouble but also to test for and locate 
it first. This requires some knowledge of the various methods of testing 
circuits and repairing inoperative parts. It is not necessarily true that a 
part is defective just because it fails to operate. It may have been perfectly 
designed and constructed, hut may have been mechanically strained, over- 
heated, or otherwise abused in service, causing it to become inoperat've. 

889 
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Properly speaking:, a defective part is one which has been designed or 
constructed incorrectly. We will first consider the various simple tests 
for locating and determining simple troubles such as open-circuits, short- 
circuits, etc., by means of individual instruments. Later we will consider 
the use of instruipents arranged conveniently in groups, in the form of 
service kits and set analyzers for facilitating rapid diagnosing and local- 
izing of troubles. The arrangement and operation of the various in- 
struments in set testers and analyzers can be much more easily under- 
stood and intelligently applied, if the fundamental principles of testing 
with individual instruments are thoroughly mastered first. 

While it is not possible to present a thorough course on testing and servicing of 
radio equipment in the small space available here, we can set down the fundamental 
principles which will enable the student to understand the basic ideas involved in this 
work. After all, since all makes of radio equipment employ somewhat different ar- 
rangements of parts and special circuit kinks here and there, considerable practical 
experience in servicing many models and makes of receivers is necessary before anyone 
can attack servicing problems in an efficient straightforward manner. But the con- 
struction of radio equipment has become so interlinked with basic electrical circuits 
and principles, that no intelligent service work can possibly be carried out on modern 
radio equipment without a thorough knowledge of the basic principles. While ser- 
vice work is carried on in practice by diagnosing the trouble first, and then localizing 
it down to the particular inoperative unit by means of continuity tests, etc., for our 
purpose it will be best to consider the latter tests first, and proceed to simple trouble- 
diagnosing later. Since all receivers are composed of a combination of the five basic 
types of parts already referred to, we will begin our study by considering how each 
of these may be tested separately. It is assumed that the reader is thoroughly familiar 
with the construction and operation of electrical measuring instrument^ as dejiCribed 
in Chapter 13. This is essential before proceeding with this study. 

622 . Methods of testing for open circuits: Any circuit which 
does not form a complete path for the flow of current is called an open 
circuit. Consider (A) of Fig. 468. This shows a simple circuit consist- 
ing of a battery and a resistor, R. 

Since the resistor, the connecting wires, and the battery form a complete path 
for the flow of the battery current we have a closed circuit. If a current-indicating 
device — such as an ammeter or milliammeter of proper range depending on the amount 
of current flowing — ^were connected in series with the circuit, it would indicate the 
number of amperes or milliamperes of current flowing. If a voltmeter were 
connected across the resistor R as shown, it would indicate the “fall of potential” 
or “voltage drop” across the resistor, i.e., the amount of voltage or electrical 
pushing force required to cause the electrons or current to flow through the 
resistor against its opposition or resistance. Now refer to (B) which shows the same 
resistor and the same battery, but due to some reason, the resistance wire of which the 
resistor is constructed has broken or become “open” at point X. Evidently, no current 
can now flow through the resistor, i.e., the circuit is “open”. This will be indicated by 
the fact that the ammeter does not register at all now. However, the voltmeter will 
now register the full e. m. f. of the battery, since it is now directly across the battery 
terminals. Suppose the resistor were perfect but a break occurred in one of the con- 
necting wires. Evidently, the same condition of an “open circuit” would result, no 
current would flow, and the current-indicating meter would read zero. 

An inductance coil “L” of any kind, such as the primary or secondary winding 
of an r-f or a-f transformer, a power transformer, a choke coil, etc., also normally 
presents a closed circuit to the flow of current, as shown at (C). If the wire breaks 
or a connection opens, an open circuit results, and the current stops flowing. ' The 
current-indicating meter then does not register when connected in series with the 
circuit. 

In the case of a condenser C, as shown at (D), since the dielectric insulates one 
plate from the other, no current will flow through it if a direct current voltage is 
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applied, i.e., so far as d-c is concerned, the condenser normally presents an open cir- 
cult End the ammeter will not read if the condenser is perfect. (In the case of elec- 
trolytic condensers a small “leakage current” would flow through on this test.) If an 
a-c voltage were applied to the condenser instead, an a-c current would flow in the 
external circuit between the plates, this current depending on the value of the voltage 
applied, and the capacitance of the condenser. 

A circuit such as that of a resistor, inductance, or wiring, may also be tested for 
open circuits or continuity by means of a source of voltage such as a small 4^^ volt 
C battery, and a suitable voltmeter — preferably of the high-resistance type. The 




Klg. 468 — Various methods of testing for circuit continuity— or “open circuits." (A), (B), 
(C) and (D) are by niean.*s of a battery and meters OE) is by means of a volt- 

inetei* and battery, (ohmmeter). (F) is by means of a battery and earphones. 


voltmeter, and resistor or inductance winding to be tested for continuity, are con- 
nected in series with each other and across the battery as shown at (E). If the two 
terminals 1 and 2 are touched together, the voltmeter will register the full voltage 
of thj battery. If they are connected across the resistor, the voltmeter will still read 
if the* resistor presents a continuous path for the flow of current. The voltmeter 
reading may be lower than before, depending on the value of the resistor being tested. 
If an open circuit exists in the resistor being tested, the voltmeter will not indicate. 

. JX will be recognized that the arrangement at (E) really constitutes the ohmmeter 
circuit which we studied in Article 217. Commercial ohmmeters, one type of which 
is shown in Fig. 166, are very handy for testing for open circuits. If' the circuit 
is closed, the ohmmeter indicates the resistance of the circuit. If ,it is “open”, the 
ohmmeter reads “inflnite” resistance— or the highest resistance on i-ts -scale. 

• Another simple method of testing for open circuits, without the use of measuring 
instruments, is to employ a battery — preferably a 46 volt VB” battery — and a pair of 
earphones as shown at (F). Every time the terminal “A” is touched to the battery 
terminalf a loud click is heard in the earphones if the circuit being tested is “closed . 
If the circuit is “open”, no click at all (or a very faint one), will be heard. When 
testing condensers, a very faint click will be heard if the cwndenser is perfect. One 
disadvantage of this method is that when testing very high resistances for continuity, 
a very faint click may be heard even if the circuit through the resistor is wntinuous, 
since the resistor limits the current through the earphones. This should be remem- 
bered. 

From the foregoing, it will be seen that any resistor, inductor, or wire circuit 
may be tested for ^continuity of circuit” or “open circuit” by means of a source of 
voltage and either an ammeter (or milliammeter) , a voltmeter, or a pair of ear- 
phones. Where two or more devices are connected in parallel and it is desired to test 
each one for open circuit, they should all be disconnected and each tested separately, 
for if they were all left connected, even though one had an open circuit it would not 
show up in the test, for current would still be flowing through the others. If several 
devices are in series, tht test arrangement shown at (B) is handy. When connected 
successively across each one, the voltmeter will quickly indicate which of the devices 
is open. It will show a reading equal to the battery voltage when connected across 
the device which has the open circuit. • 

623. Testing for short circuits: A short circuit may be defined 
as an accidental low resistance connection between the two sides of a 
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circuit, such that the current from the source is thereby allowed to return 
to the source without passing (or only part of it passing) through the 
device or devices through which it is intended to flow. 


Let us refer to the simple circuit at (A) of Fig. 469. This shows a battery 
supplying current to \he filament of a vacuum tube, filameht rheostat R being used in 
the circuit to adjust the current to the proper value for the tube. A voltmeter con- 
nected across the filament as shown, indicates the full voltage across it. Now suppose 
that the two supply wires should for some reason become connected together at some 
point, as shown at (B). This might be due to the insulation being worn down to the 
bare wires, or some other cause. It is evident that the current from the source no 
Idnger flows through the resistance of the filament, for it can now take a path of less 
resistance directly across the short-circuit point, and back to the sourw, as shown 
by the arrows. This short circuit path is shown by the heavy lines. This represents 
a short-circuited condition. A short circuit will be indicated by the fact that an ex- 
cessive current flows through the wires from the voltage source, (if the source of the 



Pig 469 — Methods of testing for short circuits. (A), A normal illamcnt circuit. (B), Ashurt 
circuit In the filament circuit. The heavy lines indicate the path of the current. 
The voltmeter reading drops to zero. (C) Testing for a short circuit between the 
plates of a condenser 

• 

voltage is able to maintain this heavy current flow), since the resistance of the current 
path is now very low. Also, a voltmeter connected across the device which is intended 
to receive the current, either reads zero or else reads very much lower than its normal 
value, since the resistance of the short circuit path is very much less than the novmaV 
resistance of the device, and therefore the voltage drop across it is also very low. 
This may be used as a test for determining short circuits in resistors, inductances 
or wire circuits. 

A short circuit between the plates of a condenser may be determined by connecting^ 
it to a source of voltage such as a battery, in series with either a voltmeter or a pair 
of earphones as shown at (C). If a short circuit exists between the plates, a flow 
of current across them will be indicated by the deflection of the voltmeter, or by the 
strong clicks heard in the earphones every time terminal **A” is touched to the battery 
terminal. If the condenser is 0. K., only very faint clicks will be heard, due to the 
“charging” of the condenser. Of course an ohmmeter may also be used for testing 
for short circuits, since when it is connected directly across the terminals of the 
device or circuit to be tested, it will indicate zero or at least a low resistance value 
if a short circuit exists in its dielectric, (see Fig. 155). 

When testing for possible short circuits existing in any circuit having 
several devices connected in parallel, they should first be disconnected 
from each other and each one tested separately. 

624. Testing for high-resistance grounds: In many instances an 
actual short circuit may not occur between the two sides of a circuit, but 
instead, a rather high-resistance leakage path, which could not be cor- 
rectly termed a “short circuit”, might occur between them. This is usu- 
ally called a “high resistance ground”, and may be due to deterioration 
of the insulation between circuits, to abrasion of the insulation, to poor 
grade of insulating material employed, etc. High-resistance grounds are 
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probably best tested for by means of an ohmmeter, since then the actual 
resistance of the leakage path, even if it is high, will be indicated. 

625. Checking resistance values: When testing a receiver for 
defects, it is often necessary and desirable to check the resistance values 
of the resistors, or other parts. This may be done by the volU 
meter -ammeter method for low resistances, described in detail in Articles 
216 and 216 ; by the ohmmeter method described in Article 217 ; or by the 
Wheatstone bridge method described in Article 218. These methods 
should be reviewed at this time. Of course, some idea of the resistance 
which the device to be checked should have, should be known, if its condi- 
tion is to be judged at all. The ohmmeter method is the quickest and 
most satisfactory one for radio service work. 

626. Testing filter and by-pass condensers: Filter and by-pass 
condensers used in radio receivers are usually sealed in Bakelite, metal. 



Fig. 47S — (A) •Testing a condenser for short circuits by charging it with a d-c voltage 
source and then shorting its terminals. 

(B) Testing an electrolytic condenser by measuring its leakage current 


or dardboard containers. The condensers may be in the form of separate 
units or may be grouped together in one container in the form of a “con- 
denser block” as shown in Fig. 93. In most cases, the condensers in 
• blocks have a common terminal as shown in the diagram in Fig. 93, but 
in many instances they have separate terminals brought out. 

Although open circuits sometimes occur in paper-type condensers due to the metal 
terminal tab pulling away from the tinfoil plates, this trouble is rare. The usual 
trouble is due to a short circuit caused by breakdown of the dielectric between the 
plates. Of course this applies only to condensers of the tinfoil-paper (or mica) type. 
Electrolytic condensers are “self-healing”, that is, if the dielectric film breaks down 
due to the application of too high a voltage, it re-forms if the high voltage is removed 
within a reasonable time, and becomes as good as new again. 

Tinfoil-paper filter condensers may be tested for breakdown by several 
methods. One of the simplest, is to disconnect the condenser from the 
circuit and apply from 90 to 200 volts d-c directly to its terminals, by 
means of a “B” battery, or d-c electric light line, etc., and then noting 
whether it holds the charge. Immediately after charging, the charging 
source is disconnected, and short circuiting the condenser terminals with 
a screwdriver should produce a flash, the size of the flash depending on the 
capacitance of the condenser,, and the voltage used for charging. This 
is shown at (A) of Fig. .470. If the condenser has a short circuit be- 
tween its plates, no charge will be stored by them, and no f|ash will be 
produced. This type of condenser may also be tested by means of the 
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battery and voltmeter or earphone method described for (C) of Fig. 469. 

Electrolytic condensers may become inoperative due to drying out of the elec- 
trolyte, or chemical changes taking place in it. A condenser of this type may be tested 
by connecting it directly to a source of d-c voltage (about 400 volts d-c for a con- 
denser rated at 450 volts d-c, and measuring the leakage current flowing through it, 
by means of a suitable milliammeter as shown at (B) of Fig. 470. Electrolytic con- 
densers of different manufacture differ as to the leakage current, but some idea of the 
value to be expected may be obtained from the following figures for two typical 
condensers of this type tested with 400 volts d-c. For a 10-mf. condenser the leakage 
current did not exceed about 2.4 milliamperes. For a 4-mf. condenser, it did not 
exceed about 1.0 milliamperes. Care should be taken to connect the condenser to the 
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Couritt[i R.O.A.. Victor Oorp. 

Pig. 471— How the wiring and parts arrangement under the chassis of a typical radio re- 
ceiver may look. This appears rather Jumbled and complicated, but careful tracing 
of the various circuits enables one to draw the simple schematic circuit diagram 
for It as shown in Fig. 472. 

line terminals with the proper polarity, i.e., the positive terminal of the line should 
be connected to the positive terminal of the electrolytic condenser. Also, to prevent 
burnout of the milliammeter if the condenser should by chance happen to be short 
circuited, a protective resistor R, of a value depending on the voltage of the testing 
source and the range of the milliammeter used, should be connected in series with the 
circuit at the start, when the voltage is applied. Switch S should be open. If no 
excessive current reading results, it may be assumed that no short-circuit exists in 
the condenser and the switch S may be closed. This shorts the protective resistor 
out of the circuit, and the leakage current reading may now be taken. 

627. Circuit analysis and simplified continuity circuit diagrams: 
In many caaes, tests must be made on a radio receiver for which no sche- 
matic circuit diagram is readily available, and with which the person 
who is to test it, is not familiar. By examining the parts and wiring it 
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is usually a simple matter to determine in general what type of circuit is 
used in the receiver, i.e., whether it is some form of t-r-f, or a superhet- 
erodyne receiver. An inspection of the number of tuned circuits and the 
number and types of tubes used, will also give some information. Beyond 
this, nothing may be known about it. If the bottom of the chassis is in- 
spected, a mass of parts and wire somewhat as shown in Fig. 471, may 
greet the eyes. To the inexperienced novice, such an array appears rather 
complicated, puzzling, and usually very discouraging. After some prac- 
tice in tracing circuits however, such things need not be at all trouble- 
some, provided the person has a good working knowledge of the funda- 
mental receiver circuits, such as has been presented in this text. Another 



Fie 472 The srheinatlc rircuit diagram of the receiver shown in Fig. 471 (with the power 

supply un"f^added ) This is drawn by tracing the individual filament, cathode, 
grid, and plate circuits of the various tubes and setting th^ down in the form of a 
diagram In systematic order Compare the simplicity of this diagram with Pig. 471. 


requisite is the ability to take a complicated appearing circuit and part 
arrangement, trace the main individual filament, cathode, grid, and plate 
circuits, and set each one down in simplified schematic form on paper, to 
form a schematic circuit diagram of the type used throughout; this book — 
which is easy to follow, and tells at a glance, just what the individual 
circuit connections' are. 
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For instance, careful inspection of the receiver chassis, shown in Fig. 471, (the 
power supply unit is separate and need not be considered here for our purpose), will 
reveal immediately that there are three intermediate-frequency transformers mounted 
in shielding cans at the upper left hand corner of the chassis. These are of the 
general type shown in Fig. 286. This immediately tells us that the receiver employs 
a superheterodyne circuit. Inspection of the type of power tubes and loud speaker 
used also tells us something about the possible power supply unit arrangement. In- 
spection of the tuning condenser tells us how many tuned circuits are used. Inspection 
of the types of tubes employed and their sequence in the circuit also tells us a great 
deal about the circuit, and enables us to start drawing our simple schematic circuit 
diagram by setting down the proper symbols of the tubes in their proper order, as 
shown in Fig. 472. 

We may start with the filament terminals of the tubes, and trace all the filament 
connections. If they are all connected in the usual parallel arrangement, they can 
be drawn in the simple schematic form as shown. Next we can trace through the 
cathode circuits of the tubes, one at a time and draw each one in on the circuit 
diagram. It will be found that all cathode circuits eventually end up at B — Next, 
we can trace the plate circuits, back from the plate terminal of each tube. Next, may 
come the screen grid circuits and finally, the grid circuits. The power supply unit 
wiring may be tackled next, or in some cases it may be preferable to finish this first. 
In this way, a careful step-by-step analysis of the entire receiver may be made, and set 
down in the form of a simple schematic circuit diagram easy to follow. The complete 
circuit of the receiver chassis shown in Fig. 471, has been traced in this way and 
is drawn in simple schematic form in Fig. 472, together with the power supply and lovd 
speaker unit which is constructed separately from the chassis of Fig. 471. Notice 
the simplicity of this diagram and the ease with which any circuit in it may be traced. 
Most receivers are wired with wires of different colors and code markings to facilitate 
tracing the circuits. Of course, the resistance values, etc. marked on this diagram, 
would not be known, but they could be measured if desired. Many of the manufac- 
turers of the R. M. A. group have adopted the standard resistor color cpde mi^ilcings 
for identifying the resistors used in their receivers. The combination of the color 
marked on the main body of the resistor, that marked on a narrow ring of the body, 
and that marked on the end, gives the value of the resistance. This is considered 
in detail in Article 628. • 

It is true that many commercial receivers are constructed with many of the parts 
sealed up in groups, in cans which are filled with pitch, wax, or some other moisture- 
excluding compound, and are therefore not very well adapted to tracing of the con- 
nections such as has been outlined here. This condition is one which must be accepted* 
in many cases. Tracing of as much of the circuit wiring as is accessible, will often 
help some. If more knowledge of the circuit is required, the schematic circuit diagram 
must be obtained either from the manufacture of the receiver, or from some other 
source, such as one of the radio service manuals which contain the circuit diagrams 
for most of the receivers manufactured. One of these books is almost a necessity in 
service work. In many instances, these service manuals also specify the voltage read- 
ings which should be obtained at various points in the circuit when the receiver is in 
proper working order. This information is very helpful. 

628 . R. M. A. resistor and wire-color code: The standard re- 
sistor color-code marking: which has been approved by the Radio Manu- 
facturers Association in the United States, is used on the resistors in the 
recent models of receivers which are manufactured by companies which 
are members of this association. It enables one to tell at a glance just 
what the resistance value of a resistor is, by inspecting the code color 
markings on it. 

The code identifies resistors by means of 3 colors, known as “body," “tip" and “dot" 
colors. The Bt)dy Color is the main color of the resistor and represents the first figure 
of the resistance value. The Tip Color is the color of the end of the resistor and rep- 
resents the second figure of the resistance value. The Dot Color (sometimes a narrow 
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bftnd is used instesd of a dot) indicates the number of ciphers following the first two 
fis:ures. 

Example-. A resistor has a Red Body — (2); a Green Tip — (6); and an Orantre 
Dot or Band — (000). 

Answer: The resistor value is 25,000 ohms. 

The figrures represented by the various colors are given in tjie following table: 


1st Figure 
(Body Color) 

2nd Figure 
(Tip Color) 

(Dot or narrow 

Band Color) 

0— Black 

0— Black 

None — Black 

1 — Brown 

1 — Brown 

0 — Brown 

2— Red 

2— Red 

00 —Red 

3 — Orange 

3 — Orange 

000 — Orange 

4 — Yellow 

4 — Yellow 

0000 —Yellow 

6 — Green 

5 — Green 

00000 — Green 

6— Blue 

6 — Blue 

000000 — Blue 

7— Violet 

7— Violet 


8 — Gray 

8 — Gray 


9— White 

9— White 



It should be borne in mind that this code applies only to the newer model receivers 
that are now appearing on the market. It will be a safe practice on all older model 
receivers to refer to the manufacturer’s service notes for the color code used on the 
eafrlier model sets. 

—WIRE COLOR CODE— 


A standard color code has also been approved by the National Electrical Manu- 
facturers Association for the wires used in wiring up the receiver. As is the case 
with the resistor code markings, this particular wire-marking code is not standard 
on aH receivers, but is being used in the latest receivers manufactured by manufacturer 
members of Wie N. E. M. A. The wire color code follows: 

"For conductors that are individual to one circuit only: “A4-»” Yellow; “A — 
Black with Yellow tracer; “B4-” Max., Red; “B-4-” Int., Maroon and Red; “B-|-” 
Det.^ Maroon; *‘B — ” Black with Red tracer; “C-4-/^ Green; “C — (low). Black and 
Green; “C — ” (max.). Black with Green tracer; Loud Speaker (high side), Brown; 
Loud Speaker (low side). Black with Brown tracer. 

629. Analyzing the qircuils of a receiver with separate instru- 
ments: In testing any receiver for the cause of trouble which may be 
'making it totally inoperative, or else operating unsatisfactorily, a con- 
siderable amount of information may be obtained by first testing the in- 
dividual tubes for either “mutual conductance'' or “emission". In many 
instances, this will reveal one or more of the tubes to have become inopera- 
tive, in which case it is only necessary to replace the tube in order to get 
the set working satisfactorily 

If the tubes all check up properly, the voltages which actually exist 
at their various prongs when they are in place in the receiver, may be 
checked next with a suitable voltmeter. 


This procedure is called diagnosing or ayuilyziny the receiver, and usually enables 
one to determine in just which circuit the trouble lies, for^ trouble occurring in any 
circuit associated with a tube will usually cause a change in the voltage existing at 
the tube prong connected to that circuit. After the circuit in which the trouble lies 
has been located in this ay, the particular unit which is inoperative, may be located 
definitely by applying the proper separate continuity tests and resistance measure- 
ments which we have already studied (in Arts. 622 to 627), to the id iyidual parts in 
that particular circuit. Thus, there are .^-eally two mam steps to radiQ receiver ser- 
vicing, first the diagnosing or analyzing, and then the trouble locahttng, ydsntxficatwn, 
and correction, ^ - • j- -j i x i • 

Each tube has either three, four, or live individual external cir- 
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euits, depending on ita type. If it is a direct-heater type three-electrode 
tube, it has a filament, a grid, and a plate circuit. If it is a separate-heater 
type three-electrode tube, it has a filament, cathode, grid and a plate cir- 
cuit. If it is a separate-heater type screen grid or pentode tube, it has a 
filament, cathode,* control-grid, plate and screen grid circuit. Keeping 
this in mind, it is possible to analyze the various circuits of a receiver by 
testing the voltages existing at these terminals of the tube sockets. In 
most modern receivers, it is quite difficult to reach directly, the various 
coupling transformers, resistors, condensers, etc., in order to make tests. 
In almost all receivers, the main circuits come more or less directly to the 
tube socket connections, which are easily reached for test work. There- 
fore a receiver is usually analyzed by measuring the voltages existing at 
the tube socket terminals. In most cases, this will indicate just which of 
these circuits the trouble lies in. 

To illustrate how these circuits may be analyzed, let us consider the typical screen- 
grid r-f amplifier stage shown at (A) of Fig. 473. The method of analyzing the 
circuits of this tube and stage may be duplicated for any other stage in the receiver. 
In the grid circuit of the tube we have the secondary of the preceding r-f trans- 
former with the tuning condenser G^. In the plate circuit is the primary L of the 
next r-f transformer, one end of the primary being connected to the plate of the tube, 
the other end connecting to the plate-filter system consisting of the resistance and 
the by-pass condenser The other end of the resistance connects to that 
terminal of the plate supply unit which supplies plate voltage to the r-f amplifier 
tubes. 

Of course, in a complete receiver several tubes comprise the rad io-frfquency "amp- 
lifier, but the circuits of each individual tube are closely similar to the one shown here. 
Slight variations from this fundamental circut will be found, but if this normal ar- 
rangement is kept in mind it will make circuit testing a simple task. 

In order to check the voltages appearing at the various circuits, individual volt- 
meters may be used. For a-c electric receivers, two voltmeters are all that are 
required for this work. One handy instrument for this work is a d-c voltmeter 
having a resistance of 1,000 ohms or more per volt, (see Article 205), and having 
scales reading 0-10, 0-260, and 0-750 volts. A meter of this type is shown in Fig. 144. 
Its scope of utility, because of its high ‘*ohms-per-volt” value, is very wide. As a' 
filament voltmeter for d-c tubes, it affords very accurate readings. As a **B”-supply 
vc^age meter, it indicates the true output, because it does not draw enough current 
to affect the operation of the power unit. As a grid-bias voltmeter, it permits accurate 
Adjustment of the grid-bias resistor. Its low current consumption, due to its high 
resistance, does not materially affect the plate current flowing through the biasing 
resistor. 

An a-c voltmeter of the general type shown at the right of Fig. 144, and having 
scales reading 0-4, 0-8, and 0-150 volts, is also very useful. The two lower scales are 
for reading filament voltages on a-c and rectifier tubes, the 150 volt scale is for 
checking the a-c electric light line voltage. It is possible and desirable to use a single 
multi-range copper-oxide rectifier type voltmeter for this purpose (see Art. 214), since 
it will measure both a-c and d-c voltages accurately. The use of separate instruments 
is considered here merely to develop the methods of testing and analyzing the circuits. 
Later, we will see how the set analyzer performs all of these functions in a rapid 
simple way. 

To check the filament voltage, the a-c voltmeter is connected across filament ter- 
minals K-L. To check the plate voltaM, the d-c voltmeter is connected between the 
point H (cathode) and the point F (plate). (Note: All voltages or potentials in a 
direct-heater type tube are always understood to be referred with respect to the 
negative terminal of the filament. All voltaf^es or potentials in a separate-neater type 
tube are always understood to be referred with respect to the cathode, as the reference 
terminal (see Art. 270). These are considered as the points of lowest potential in 
the tube.) If the correct voltage reading is obtained between the cathode and the 
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plate, it in^cates that wlwteyer is connected in the plate circuit of the tube, (in this 
iu winding of a transformer), is not “open”. It also indicates 

voltage supply unit is operating satisfactorily. If no voltage reading is 
obtained TOtween^ H and F, a test should be made between H and E. If a reading 
is obtoined here, it indicates that an open circuit exists in the primary winding of the 
transformer The screen grid circut can be checked by connectnf the voltmeter frpm 
?T ^ XU * control-grid circuit can be checked by connecting it from H to J. 

(J IS the cap m the tube.) If no reading is obtained here, a test should be made be- 
tween H and p (D will be usually grounded to the metal chassis). This should in- 
dicate the grid-bias voltage if both the grid-bias resistor and its by-pass condenser 
C, are O. K. 

This simple test may be repeated at the socket of each tube, until the tube at 
which the improper voltage exists is located. The individual circuit at which the 
improper voltage exists can then be traced, and the individual parts in it tested for 
open or short circuits, etc., by the methods already described, if the plate and grid 
voltages on all the tubes are found to be low, the circuits of the “B” power hupply 
units may be suspected and should be checked up. Abnormally low output voltage 
would in all probability be caused by a broken-down filter condenser — necessitating the 
individual testing of all the filter condensers for shorts. 

630. The aet analyzer method of diagnosing trouble: The pro- 
cedure outlined above indicates in a general way how the circuits of each 
individual tube in a receiver may be analyzed to locate, by means of two 
sitnple instruments, the particular circuit in which trouble exists. It has 
one great drawback in modern test work, however. 

When receivers were constructed with all tube sockets mounted on an open base- 
board, with every connection easily accessible, this method of testing was simple to 



Plff. 473 — Left: The individual niament, cathode, control-grid, screen-grid, and plate circuits 
of a typical screen-grid amplifier tube in a radio receiver. Note that each circuit 
terminates at the socket and tube. 

Right: The elements of a simple set tester or analyser which permits of rapid 
testing of the voltages existing at the terminals of any tube socket in the re- 
ceiver. The analyzer really extends the circuits of the tube socket to a point out- 
side the receiver for convenient testing by means of the various Instruments pro- 
vided. The tube taken from the receiver is plugged into the analyzer tube soclcet. 

apply. Modern receivers are constructed with the tube sockets, resistors, wiring and 
most condensers, mounted underneath the chassis. Transformers and chokes are 
mounted in cans. Therefore testing by this method would necessitate the complete 
removal of the chassis from the cabinet for every service job, and the testing at the 
tube socket terminals with the set in an inverted position — which is rather awkward, 
and inconvenient. 

The testing manipulations may be greatly facilitated and speeded up, by bringing 
all of the circuits of the socket of the tube to be tested, to an extra tube socket in 
which is placed this tube taken from the receiver socket. This extra tube socket is 
already permanently connected to the testing arrangement, with all meters, switches, 
etc., arranged to facilitate rapid switching of meters to any circuit, selection of in- 
strument scales, etc. This may be conveniently done by employing a dummy plug 
exactly resembling the base of the vacuum tube, and having prongs arranged in the 
same order. A wire connects to each prong, and these wires are all brought out. 
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(usually in the form of a cable), to the similar socket in the tester, in which the tube 
teken from the receiver is placed. The various instruments and switching arrange- 
ments for testing are permanently connected in the tester itself, between the “dummy*’ 
plug and this socket. 

The arrangement of a very simple set analyzer or tester of this kind 
in which separate ^meters are used, is shown at (B) of Fig. 473. 

A study of this diagram, shows that the set tester or analyzer idea is merely one 
designed for convenient testing. Instead of bringing the testing instruments to the 
terminals on the tube socket, which are usually very inconveniently located — and doing 
all of the testing in the limited cramped quarters in the receiver; we remove the tube 
from the receiver socket, extend each individual tube circuit out to the tester by means 
of the plug and cable, and connect the ends of these extended circuits to the tube 
taken out of the receiver — the testing instruments being automatically connected 
properly in between — and do our testing conveniently with plenty of room to work in, 
and with testing instruments and switching arrangements already connected up in 
the circuit to perform all the required tests simply and quickly. This is the basis 
of the set analyzer or tester idea. Of course, in order to make intelligent use of tests 
of this kind, it is necessary to know just what the voltages at the various terminals 
of each tube socket should be under normal operating conditions. This data is usually 
furnished by the receiver manufacturer, or may be obtained from service manuals. 
Most commercial set analyzers and testers arc provided with instruction books con- 
taining tables showing the correct voltage readings for most of the standard makes of 
receivers. 

A typical table of this kind for an a-c electric receiver, is reproduced below from 
the instruction book for the Weston Model 566 Type 2 Radio Set Analyzer. Notice 
that all the important data concerning the receiver is contained in this table. 


MAJESTIC-MODEL 20 CHASSIS 
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29.0 

33.0 

’46 

|P.P. ( 

2.36 

275 

45 




29.0 

33.0 

'80 

Rect. 

4.8 

410 





40.0 

per’ 


Line Voltage — 117 v. Volume Control set at “Max.” anode 

The analyzer is provided with both a 4-prong and a 5-prong socket into which 
the tube taken from the receiver is placed during the test-depending on its type. 
Also, the 6-prong plug furnished for plugging into the receiver socket is provided with 
a removable 4-prong adapter, for use when the circuits leading to a 4-prong tube are 
to be tested. 

Procedure in analyzing: To start the analysis, the set is turned on and the vol- 
ume control is set at the “MAX” position. The tirst electrical check should be made on 
the power supply unit to determine whether it is supplying the normal voltages to the 
various circuits of the radio set. If the set is of the battery-operated type, check the 
voltages of the various batteries, with a voltmeter. If the battery voltages are low, 
they should be re-charged or replaced. (Note: A 45-volt “B” battery unit should be 
discarded when its voltage drops to about 30-35 volts, measured while it is being used.) 

If the receiver is electrically operated, the line voltage should be checked next 
with a suitable “voltmeter. The rectifier tube or tubes should be checked next. The 
voltages being applied to the rectifier tube plates by the power transformer should be 
checked next. 

After the source of power to the radio set has been checked in this way, the next 
procedure is to check the current and voltage supplied to all terminals of each tube 
in the circuit. The usual practice is to check the tubes in the order in which the 
signal passes through them, that is, start with the antenna stage and end with the 
power amplifier or output stage. 

Each tube should be removed from its socket in turn, in the above order, placed 
into the socket of the analyzer, and the plug of the analyzer placed into the same 
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socket of the receiver from which the tube was removed. By pressing the proper 
buttons and manipulating the proper switches, as explained in detail in the instruction 
book accompanying the particular analyzer employed, all of the important voltage and 
current readings existing at each tube socket may be obtained. The number of read- 
ings taken is dependent upon the type of tube used. For a complete analysis of the 
circuits to a 3-element tube, it is necessary to measure the following values: (1) plate 
voltage, (2) plate current, (3) grid voltage, (4) grid current, *(5) filament voltage. 
Where cathode, screen grid or pentode tube circuits are being analyzed, the following 
additional measurements should be known: (6) cathode voltage, (7) screen grid volt- 
age, (8) screen grid current. When making these tests on each tube in the receiver, 
a rough test of its mutual conductance should also be made by the “grid te.st method^ 
explained in Art. 290. Set analyzers are provided with a “grid test” button for mak- 
ing this test. These readings may be seen in the last two columns in the table on P. 900. 

If this analysis of the voltages existing at the terminals of the tubes shows im- 
proper voltages to exist at any terminal, all of the parts in that particular circuit 
should then be tested for continuity, grounds, short-circuits, etc. 



Courtesy Supreme Instrurnenl* Corp. Courtesy Weston Elect, Inst. Co. 

Tig 474 — Left: A typical set tester and anaiyz>;r arranged m a portable case. A single cop- 
per-oxide type meter and suitable switching arrangement performs all tests. The 
circuit diagram is shown in Fig. 475. The "dummy-plug” and cable are in the 
compartment .at the rear 

Kight: A typical set tester and analyzer with an a-c meter and a d-c meter. The 
.single selector dial at the center controls the switching arrangement for the entire 
unit (Weston Model 566 Type 3). 

Trouble-localizing: Locating the inoperative part or open connection in a circuit 
may be accomplished by a simple continuity test, (see Article 622), if the diagnosing 
process shows the trouble to be due to an open circuit. The simple continuity test 
is of no value however, when the trouble is due to a short circuit across a device 
which has a low resistance. In cases of this kind an actual resistance test of each 
part in the circuit, by low-rcsistance measuring equipment, is necessary to locate^ the 
unit causing the trouble. Of course it is necessary to know the rated resistance 
value of the un\t tested, that is. its ohmic value as specified by the receiver manu- 
facturer. Some manufacturers mark the resistances of the parts directly on the 
circuit diagrams, as shown in the diagram of Fig. 472. Open circuits are more easily 
located than short circuits, for the latter do not generally show up in. the diagnosis 
with the set analyzer or voltage test, since they do not materially affect the operating 
voltages unless the short circuit is across the circuit somewhere. 

631 . Commercial set testers or analyzers: The set analyzer or 
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test circuits we have considered are extremely simple ones. Modern set 
analysers are provided with rather complicated switching arrangements 
and usually contain but one or two meters to be used for all measure- 
ments, both a-c- and d-c. These meters are provided with several multi- 
plier resistors and switching arrangements which enable various ranges 
to be obtained and enable the operator to switch them to the various cir- 
cuits to measure the voltages and currents. In addition, suitable termin- 
als are provided for the connection of test prods and leads for making 
individual tests. These include voltage and current tests, continuity tests, 
resistance measurements, etc. It is not possible to go into the various cir- 
cuit arrangements and test procedures to be followed with these instru- 
ments here.* Complete instructions are furnished with these testers by 



test. 

the manufacturers in each case. Two typical set testers or analyzers 
which are representative of these devices are shown in Fig. 474. 

The set analyzer at the left employs a single meter of the copper-oxide rectifier 
type (see Article 214), measuring a-c and d-c voltages in six ranges up to 900 
volts, and a-c and d-c currents in five ranges up to 300 milliamperes. It may also 
be used as an output meter (see Fig. 153) in lining up or adjusting the tuning con- 
denser sections in a gane condenser, and adjusting the tuned circuits in the i-f 
amplifiers of superheterodynes. Terminals are also provided for making external 
measurements and tests. The complete circuit diagram of this analyzer is shown 
in Fig. 475. Notice the connections of the copper-oxide type meter and the multiplier 
resistor system at the center. 

The analyzer shown at the right of Fig. 474 contains two meters— one for a-c 
and one for d-c measurements. The single selector-dial at the center operates a very 
ingemious switching arrangement which automatically connects the instruments prop- 
er!/ in the tube circuit, for any particular test which may be required. Terminals 

*For a more detailed and complete treatlae on this phase of the subject, see "The Radio 
Servlcins Course" by Alfred A. Ohlrardl 4k Bertram M. Freed. 

Published by the Radio 4k Technical Pub. Co., 46 Astor Place, New York City. 
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are abo provided along the left and right edges for making external tests and measure- 
ments. Both analyzers are enclosed in suitable portable carrying cases. Notice that 
each is provided with both a 4-prong and a 5-prong socket into which the tube from 
the receiver is inserted. The socket used, depends on whether the tube is of the 4 or 
S-prong type. Also notice the cable and 5-prong plug in the rear compartment of 
the tester on the left. The rear compartment of the tester on the.right contoins, from 
left to right, two sets of test wires and prods for external testing of circuits and 
parts, the 6-prong plug for inserting into the receiver socket, and the 4-prong adapter 
used when circuits to a 4-prong tube are to be tested. Both of the testers shovm, 
are provided with facilities for testing all of the tubes in the receiver, under the volt- 
age conditions which actually exist in the receiver. 

632* Aligning tuning circuits: Both the sensitivity and the selec- 
tivity of the present-day single-control t-r-f receiver depends particularly 
upon how well each individual tuned circuit is in resonance with the others 
at all positions of the tuning dial. In superheterodyne receivers, it is nec- 
essary not only to line up the tuning of the t-r-f and oscillator circuits, 
but it is also necessary to line up the tuning of the usual band-pass i-f 
tuned circuits all exactly to the band-pass frequency employed in the re- 
ceiver. Many receivers do not hold their adjustments; in many, the ad- 
justments must be checked up when new tubes are inserted in the re- 
cefver. In either case, it is often necessary to align these tuned circuits 
so that maximum sensitivity and selectivity are obtained. 


One way to align these tuned circuits, is to tune in a distant or weak station, 
and adjust the trimming or compensating condensers provided. If the receiver em- 
ploys tuning condensers with a slotted rotor plate in each section, (as shown 
208 and 269), •the individual segments of the slotted plate must be ^nt or out at 
various positions of the tuning dial, until maximum signal strength results in each 
case, as judged by the ear. This method is tedious and inaccurate, as the ear is not 
sensitive enough to be able to distinguish between small changes in intens^y o e 
output sound produced by the receiver (see Arts. 421 and 423) while the adjustment 
is being made, thus leading to inaccurate adjustment. 

633. Use of the output meter in aligning: ‘A more suitable and 
accurate method of judging the output, is to use an "output meter of the 
copper-oxide type (see Article 214 and Fig. 153) for indicating the exact 
value of the output of the receiver while the aligning is ^ing accom- 
plished. This is very much more accurate than the ear Some output 
meters are calibrated directly in volts, others are calibrated m milliwatts. 
The connections for the output meter will be discussed in Art. 638. 

634. Need for the “test o«ciM«tor”: The tuned circuite in re- 
ceivers can be aligned by adjusting them while listening to.the progwm 
from a weak station tuned in, but the use of a special 

casting stotion or oscillator for this work permits of 
accurate adjustments. If the program signal from a 
is used for this purpose, the input signal strength and 
modulation of the program are very likely to vary 

are being made, thus leading to incorrect adjustmen . atrenirth 

cillator" is employed for this purpose, the inTthS 

of input signal, etc., may easily be adjusted ^®®* 
frequency is easily adjusted. to any particular value desired. A modvla 

oaeillator must be used for this purpose. 
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635. The oscillator circuit: We have already studied how a 
vacuum tube can be made to produce oscillations of almost any frequency 
by connecting it in a circuit arranged to continuously feed back some of 
the energy from the plate circuit (see Arts. 308 and 388). 

In an oscillatini, vacuum tube, part of the varying plate energy is fed back to 
the grid, inducing an alternating voltage in the grid circuit. This is then amplified 
by the tube. The limit of amplincation is reached when the grid voltage builds up to 


Fig 
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476 — Left- The aciion of the oscillator tube. 

Right A siTT-ple portable test oscillator designed for the broadcast band. It may 
be operated -from either an a-c or d-c volt electric-light circuit 


a value large enough to swing over the whole length of the characteristic curve of ,the 
tube, for at the ends of the curve any increase in grid voltage has little or no effect in 
increasing the plate current (see D of Fig. 327). 

To consider a case with simple figures, if one watt of energy is all that is re- 
quired in the grid circuit to make up for the various circuit resistance losses, etc., to 
work the tube to capacity and to set into motion eight watts of energy in the plate 
circuit, then by suitably coupling an external circuit to the plate circuit we can 
absorb seven watts from it for any purpose we desire, and feed one wa*ct back to the 
grid circuit to be used in sustaining the oscillations. (The extra power comes from 
the voltage supply device.) This is the principle of the usual oscillator, and is 
shown in an elementary way at the left of Fig. 476. It is evident that the actiop of a 
tube as an oscillator really depends upon the “amplifying properties” of the tube. 

There are several coqfimon oscillator circuits, each one having certain desirable 
characteristics which make it suitable for a certain use, all working on the principle 
of feeding energy back from plate to grid. They arc named after the men who first 
developed them. 

636. Simple test oscillators: A simple, portable, self-modulated 
oscillator circuit which may be operated directly from either a 110 volt 
a-c or a d-c electric light line, and which is useful in service work for “align- 
ing" the tuned circuits of single-dial control receivers, is shown at the 
right of Fig. 476. 

The coil-winding and tuning condenser data for the construction of a unit of 
this type for covering the broadcast band from 500 to 1,500 kc is given on the 
diagram. The arrows show the direction of the plate current. Feedback occurs due 
to the magnetic field of the part of the coil in the plate circuit linking with that of 
the part of the coil in the grid circuit. The gridieak and condenser cause the regular 
blocking action in the grid circuit which modulates the signal, the frequency of the 
modulation depending on the values of the condenser and leak employed. The entire 
unit really comprises a regenerative detector operating with sufficient feedback of 
energy from the plate to the grid circuits to cause oscillation. This oscillator may 
also be built in battery-operated form by using a separate “A” battery for the filament 
circuit, and separate “B” battery for the plate circuit. The A 4; and B — , or A — and 
B — , should not be connected together. The wire from the terminal marked “A” is an 
insulated wive twisted together with the insulated wire connected to the tuning circuit, 
for a distance of 1 or 2 inches. This provides enough capacity to transfer energy 
from the oscillator to the receiver. A small midget condenser of about 10 mmf. 
capacity between these two wires will also serve the same purpose, with the advantage 
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that the coupling may be easily varied. Terminal ‘‘A'’ is to be connected to the “an- 
tenna” terminal of the receiver and the “ground” terminal connects to the ground 
terminal of the receiver. This oscillator could be designed to produce the 175 or 180 
kc frequency required for adjusting the band-pass i-f circuits of superheterodynes, 
by using the proper honeycomb type tuning coils, and tuning condensers of propel 
capacitance (see honeycomb coil data in Art. 408). 

An r-f oscillator, somewhat simpler in general construction, and 
which will maintain its calibration quite accurately, can be built using 
the ‘‘dynatron” oscillator circuit. 

The dyruLtron oscillatQr uses a screen grid tube operated at such voltages that it 
is operating at the region below the zero line in the E, - Ip characteristic curves at 
the left of Fig. 228. For these values of plate voltages, the secondary emission from 
the plate (see Article 317 and 318) causes an electron flow in the reverse direction to 
that normally found in a tube, and oscillations are produced if a tuned circuit is con- 
nected in series with the plate, the frequency of these oscillations being determined 
by the frequency to which the circuit is tuned. Whereas, oscillators using three elec- 
trode tubes require coils in both the plate and grid circuits to make them oscillate, 
the dynatron requires only a single coil. This simplifies the circuit of course, and also 
makes it easier to use a plug-in coil arrangement for producing oscillations over a 
wide range of frequencies. 

The circuit diagram at the left of Fig. 477 shows a dynatron oscillator arranged 
to operate directly from the 110 volt line; the voltage may be either a-c or d-c. In 
the? case of d-c voltages, the upper line terminal shown must be the ^'positive”. The 
necessary potentials for the filament, screen grid and plate (it will be noted in this 
circuit that the control-grid is tied directly to the filament) are obtained by means of 
four resistors connected in series across the 110 volt line. Resistance R4 (50 ohms) 
serves to reduce the line voltage to about 60 volts for application to the screen grid. 
R3 (300 ohmsl further reduces the voltage for the plate circuit. R^ of 1,000 ohms. 



Pig. 477 — Left: A simple dynatron oscillator circuit suitable for use as a portable test 
osciliator. The “constants” of the pans are given in the text. , 

Right; A dynatron oscillator used in school work for Injng up tuning circuits. 
The tuning coil and condenser are shown mounted on the panel at the left. 


and Ro of 4B0 ohms, function to supply about 3.3 volts to the filament of the tu^. 
The screen and plate circuits are by-passed to the filament by 1-mf. condensers Cj 
and C3. 

If the oscillator is to cover the broadcast band then L and Cj can be any ordinary 
coil and condenser designed for use in a broadcast receiver. An old radio-frequency 
transformer can be used with the primary removed. 


When the oscillator ■« to be used for workine on the i-f 
erodyne receivers, L can be replaced by a honeycomb coil that will tune to the desired 
frequency with the condenser C,. The oscillator can even be used to generate audio 
frequencies by connecting the primary of an audio transformer in the. plate circuit 
of the tube. By arranging the oscillator to use plug-in coils it will be possible to 
cover any desi"ed frequency range simply and quickly. If g^ coi^s are used the 
frequency generated by the oscillator will be found to be unusually sUble. 
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637. Commercial test oscillators: A typical complete “modulated" 
test oscillator with self-contained batteries for its operation, and con- 
structed to be portable, is shown at the left of Fig. 478. The battery 
compartment is at the left. The oscillator panel and tuning dial are at 
the center, and the built-in output meter is shown -at the right. This makes 
a complete outfit for checking up the alignment of tuned circuits, for neu- 
tralizing receivers, and also for measuring capacity of condensers, induc- 
tance of coils, for use as a wavemeter, etc. Its circuit diagram is shown 
in Fig. 479. 


It is completely shielded and has a range from 550 to 1,550 kc for broadcast 
frequency work, and also a range of 110 to 200 kc for long wave and superheterodyne 
intermediate-frequency amplifier work. 

A positive indication of oscillation is provided by a direct current milliammeter 
which is normally connected in the grid circuit and serves as a **grid-dip-meter” to 



Flff. 478 — Portable modulated 
battery-operated teat oscillator 
for teat work on t-r-f, (*and 
superheterodyne receivers, and 
for tuned circuit aligning. The 
"grld-dlp** resonance indicator 
Is at the upper left; the tuning 
dial is at the center; an “out- 
put meter” is provided at the 
right. The circuit diagram is 
shown In Pig, 479. . VWeston 
Model 590.) 


Courtesy Weston Elect. Inst. Co 

indicate when the condition of resonance has been reached. It also serves as a guide 
to show when the oscillator is on. 

A specially designed attenuator controls the output of the oscillator, which mi^y 
be varied smoothly and gradually from zero to approximately 5,000 microvolts. 

The oscillator uses two *30 type tubes which require a filament current of 60 
milliamperes each.^ With four V. unit flashlight- type cells, the oscillator will 
operate satisfactorily for a period of about 20 hours continuously, and much longer 
when used intermittently. 

An external view of another very handy commercial test oscillator 
is shown at the left of Fig. 480. The metal shield over the oscillator tube 
is visible directly behind the frequency-adjusting dial. The “signal- 
strength” or “output control” knob is directly below this. The circuit dia- 
gram of this oscillator is shown in Fig. 481. 

The oscillator is designed to operate directly from the 110-volt a-c electric light 
circuit. The r-f signals it produces are automatically modulated steadily by the 60- 
cycle plate-current ripple produced by the a-c power supply employed as the plate 
voltage source. This modulation causes the output signal of the radio receiver coupled 
to the oscillator during test, to have an audio-frequency hum corresponding to this 
modulation frequency. This makes it audible. The grid leak and condenser showUi 
are not for modulation purposes but are included to provide proper grid-bias for the 
oscillator tube an.d to provide protection to the oscillator circuits against possible short- 
circuits between the grid and plate elements of the oscillator tube. (Notice that the 
grid-condenser capacity is very large, .02 mf). 

A type *30 tube is employed. The tuning unit consists of a 6,200 microhen^ in- 
ductance coil tuned by a .0005 mf. variable condenser operated by a vernier dial. 'These 
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provide a fundamental tuning range of 90 to 260 kc. By utilizing the “harmonic 
frequencies generated, the tuning range is spread from 90 to 1600 kc, so the oscillator 
may m used for aligning the tuned circuits in both r-f and i-f amplifiers. The output 
signal strength is adjusted by means of potentiometer R^. This varies the plate 



Fla. 479 — The circuit arrangement employed in the Weston Model 590 test oscillator shown 
• at the left of Fig. 478. A feature of this oscillator is the separate modulator tube 
at the right. The grid-dip milliammeter provided in the grid circuit of the 
oscillator to indicate when the tuned circuit being adjusted is tuned exactly to the 
frequency of the oscillator, is a very helpful feature. 


voltage applied to the tube, and so varies the output directly. The full resistance of 
R- as^ell as ^resistance R 2 are always in the circuit in order to reduce the 110 volts 
of the line down to the 2 volts required for the tube filament. A 6 -turn coupling coil 
L 3 picks up the energy from the tuning coil, and connects to the output circuit. A 
rather elaborate filter system consisting of two r-f chokes and by-pass condensers 



CourUty SuprtmB Instruments Corp, 


PIff 48A— Tpft- TT^tprniil view of the a-c operated lest oscillator Whose circuit diagram la 
ng. External view or in enclosed In a portable carrying-case. The 

dlaf 18 at the center. The leads for connecting to the re- 
JeWer a?e nit ih?wn here (see Fig. 482 for connections to receiver). (Supcam* 

.eatina and servicing Instrument containing In a single case, a 
Sfanaita^ f lihe tested a test oscillator, and an output meter. Simple switch- 
ing SK.m.nt8''enahfeVipld Usts to be made. (Model AAA-1 Dlagometer). 


Cj, C, and C. prevent any of the r-f energy from feeding back into thq electric light 
circuit and causing disturbances in radio receivers which may be operating from the 
same lighting circuit. v . j.* a. . 

At the right of Fig. 480 is a very ingenious combination testing and 
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servicing instrument of great usefulness. It contains in its single por- 
table carrying-case, a complete set analyzer and tester, a shielded modu- 
lated “test oscillator,” an output meter, and a tube tester. Thus it contains 
within its single case, all of the devices required for rapid intelligent ser- 
vicing of all forrtis of radio receivers. Its meter ranges permit measure- 
ments as high as 1,200 volts to be made, thus making it useful for 



Court Suprems InHrumenta Corp. 


Pig. 481 — The circuit arrange- 
ment employed in the Supreme 
Model 60 Test Oscillator shown 
at the left of Fig. 480. The 
oscillator tube is purposely 
made to generate strong "har- 
monic” frequencies which are 
utilized to give the osdillator 
the wide frequency-range of 
90 to 1500 kc. with a single tun- 
ing condenser and set of tun- 
ing coils 


servicing public-address and sound amplifier equipment. The shielded 
“test oscillator” is calibrated for every frequency between 90 and 1,500, kc. 

638. Aligning the tuned circuits in t-r-f receivers: The use of the 
modulated r-f test oscillator for adjusting the tuned circuits of a single-dial 
t-r-f receiver so that each tuned circuit is exactly in “resonance” or “tune” 
with all of the others at any position of the dial, will now be considered. 
This proceedure is commonly called, “ganging”, “aligning” oV “synchron- 
izing”. The aligning is usually done by adjusting either the small varia- 
ble compensating condensers connected in parallel with each of the, main 
tuning condenser sections (see Fig. 100), or else by bending in or out 
slightly, the fan-shaped segments of the end rotor plate of each condenser 
section in the gang, when such segments are provided, (see Figs. 268 and 
269. Study (B) of Fig. 268). 

Type of aligninK adjustment provided in receiver: Mention must be made at this 
point of the fact that the older broadcast receivers do not have slotted end-plates pro- 
vided for the purpose of condenser alignment. In this case, where only separate com- 
pensating condensers are provided for each section of the gang condenser (see Fig. 
100), the tuning can be lined up exactly, only at one point on the dial. This is usually 
done at the frequency which the receiver is tuned to, when the tuning dial is set at 
about uO. In these sets, if the volume or tuning is off at each end of the dial, nothing 
much can be done about it. If several desired stations that come in at either end of 
the dial are received poorly, the receiver may be balanced so that these stations are 
received. Then stations at other points on the dial will come in with less volume. 

When a fan-cut rotor plate is provided on each section of the gang tuning con- 
denser, the tuning may be aligned exactly over the entire tuning range. The method 
of adjusting such condensers, is explained in detail at about the middle of Art. 373. 
This should be studied carefully again at this point. Condensers of this type are 
shown in Figs, 268 and 269. 

The exact procedure to follow for alijrning the tuned circuits of a 
single-dial control t-r-f receiver by means of a modulated r-f test oscillator 
of any of the types described in Arts. 636 and 637, is as follows: (It is 
assumed of course that the receiver is in satisfactory operating condition. 


(a) Connecting the oscillator: Disconnect the “antenna’* wire from the “Ant” 
terminal on the radio receiver chassis, so that broadcast signals will not interfere with 
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the sigral to he fed to the receiver by the test oscillator. Connect the “Ant.” terminal 
of the test oscillator to the ‘ Ant.” terminal on the receiver (or to a special contact 
cases specified by the receiver manufacturer). Connect the 
”Gnd. terminal of the test oscillator, to the ”Gnd.” terminal of the receiver. (Most 
commercial test oscillators are provided with a special shielded lead for these con- 
nections, as shown in Fig. 482. In this case, the inside wire connects the ”Ant.” 
terminals of both the receiver and test oscillator together. The butside metal shield- 
ing (which is insulated from the inside wire), connects the “Gnd.” terminals of both 
the receiver and the test oscillator together. This shield prevents direct radiation of 
signal energy from the oscillator connecting wire, and makes it all go through the 
proper channels and tuning circuits of the receiver.) In most cases, the usual 
“ground” wire should be left connected to the “Gnd.” terminal of the receiver or oscilla- 
tor during the aligning procedure. The entire aligning setup is shown in Fig. 482. 

(b) Testing the receiver and test oscillator: To find out whether both the re- 
ceiver and test oscillator are operating properly, turn on the operating power supply 
to both the receiver and the test oscillator. Set the oscillator for operation on the 
broadcast-frequency range. As the radio tubes attain their normal operating tem- 
perature, turn the oscillator “output” or “attenuator” control part way up, then set 
the oscillator tuning-dial at whatever frequency it is desired to start the aligning. 
Now tune the receiver until the oscillator signal is heard loudest. The volume con- 
trol of the receiver should be set at “maximum” position. If the signal is too loud, 
it should be reduced by adjusting the “attenuator” knob on the test oscillator. 

(c) Possible ways of connecting the output meter: If it is desired to use an 
“output meter'* (see Fig. 153) to indicate when the receiver has been aligned properly 
so It produces “maximum” signal output for a given signal input fed to it by the test 
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Fig. 481 A (A) The output meter may be connected either acro.ss the secondary terminals 

of the output transformer or across the voice-coil if an electro-dynamic speaker 


is used in the receiver. ^ 

(B) Using a plate-lead output adapter for connecting the output meter across 

the output if a single power tube is used. ^ ^ ^ ^ 

(C) Where push-pull output tubes are used, the output meter may be connected 
across the plate circuits as shown, by means of plate-lead output adapters. 

(D) An 0-5 m.a. d-c milliammeter connected in series with the plate circuit of the 
detector makes a good output indicator. The indication to be watched for de- 
pends on the type of detector employed (see Art. 638 (c) ). 


oscillator (see Art. 633), turn the power-supply switches “off.” The output meter may 
be connected to the receiver in several ways, depending upon the receiver output stag^e, 
and loud speaker arrangements. If the receiver uses an electro-dynamic, type of loud 
speaker, perhaps the most convenient way of connecting the output meter, is directly 
across the terminals of the voice-coil, or across the secondary terminals of the output 
transformer, as -shown at (A) of Fig. 481A. If these terminals are not easily ac- 
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cessible, or if a magnetic cone or horn type speaker is employed, the output meter 
should be connected to the plate circuit of the power output tubes in the receiver. 

Here again there are two possible cases— either the receiver uses a single output 
tube or uses two tubes in push-pull. Also, some of the older battery-operated receivers 
use an output transformer (or output choke-and-condenser filter), between the plate of 
the power tube and the speaker terminals. Instead of opening up the connections to 
these inside the ret;eiver, “plate-lead output adapters*’ may be employed to break 
Into the plate circuit of the power tube without disturbing any connections. Adapters 
of this kind are provided with most test oscillators. 

In the case of receivers using a single power tube, this tube should first be re- 
moved from its socket. The plate-lead output adapter is now inserted over the tul^ 
prongs, then the tube is put back into the socket (with the “adapter” in place). The 
other side of the output meter goes to a 1 mf. condenser, the other side of which 
should be connected or “clipped on to” the “grounded” chassis of the receiver. The con- 
nections of the adapter, output meter, and condenser into the power output tube 
circuit in this case, are shown at (B) of Fig. 481 A. 

In the case of receivers employing a push pull output stage, one of these adapters 
should be inserted in each of the push-pull tube sockets, and the output meter con- 
nected to the plate terminals of these adapters as shown at (C). 

If a regular output meter (see Fig. 163) is not available, a 0-5 d-c milliammeter 
connected in the detector plate circuit as shown at (D) may be used instead. If no 
separate milliammeter is at hand, the milliammeter in a set analyzer may be used for 
this purpose by inserting the plug of the set analyzer into the detector socket and 
setting the proper switches to read the detector plate current. If this “plate milliam- 
meter” output indicator is used, with receivers using “grid-bias” or “power” detection, 
the receiver should be aligned so that maximum plate current reading is obtained on 
the meter. With receivers using “grid leak-condenser” detection, the receiver should 
be aligned so that minimum detector plate current reading is obtained, since in this 
form of detector the plate current is “reduced” by “increased” signal voltage applied 
to the grid. 

Another simple output indicator, which can be applied to superiieterodyne re- 
ceivers, is a low-range high-resistance voltmeter connected between the “cathode” of 
the second detector tube and the metal “chassis” (B minus). The readings will be 
affected by the carrier wave only, and are practically independent of the modulation 
(since the by-pass condenser across the grid-bias resistor here, smooths out the a-f 
variations of voltage drop across it). 

(d) Aligning the tuned circuits in the t-r-f receiver: After the output meter 
has been properly connected in one of the ways just described, both the test oscillator 
and the radio receiver should be turned “ON” and the tubes allowed to warm up 
for a few minutes. Adjust the output meter rai^e-control for a meter deflection at or 
below two-thirds of the full-scale deflection. The output meter deflections are ar- 
bitrary and are watched merely to And out when “maximum” output is being obtained 
from the receiver. 

With the oscillator operating at a deflnite frequency — preferably at the high-fre- 
quency end of the broadcast-band range — adjust the receiver tuning dial until max- 
imum reading is obtained on the output ineter. Now vary whatever adjusti;pents are 
provided on each section of the gang tuning condenser until maximum output is in- 
dicated on the meter. The “attenuator” or “signal strength control” of the test os- 
cillator should be adjusted for less output from the oscillator as the output of the set 
increases. During the meter indications, the oscillator signals should be audible from 
the loud speaker. Failure to hear the signals which are indicated by the meter, would 
be an indication of defective output transformer or loud speaker circuits. 

If slotted rotor plate adjustments are provided on the tuning condenser, the ad- 
justment of the segment which is just entering into mesh with the stator plates, should 
be varied in each condenser section (see Art. 373). In most cases, receiver manu- 
facturers supply information as to the exact frequency at which each segment should 
be adjusted. Usually these fan-shaped rotor end-plates are made with 5 or 6 seg- 
ments. One prominent manufacturer uses condenser gangs (see Fig 269), which have 
each end rotor plate cut into 6 segments, and recommends the following frequencies 
for adjustment: 1120 kc, 840 kc, 700 kc, 600 kc, and 600 kc. Where no information 
is at hand, the adjustments should be made at such oscillator frequencies, that in each 
ease when the receiver is tuned to the oscillator frequency, the split segment is about 
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half way in mesh with the stator plates. If receivers possessing^ this desirable con- 
struction feature are aligned carefully, the tuning will be lined up properly over the 
entire scale or tuning range or the receiver. 

aligning: After completing the adjustments, turn the radio re- 
ceiver “off”, disconnect the oscillator: re-connect the antenna wire to the “ANT.” 
terminal of the receiver; remove the output adapters (if any have been used) and re- 
turn the power tubes to their own sockets; disconnect the output flieter. 

Now turn the radio receiver “on” again and test its ability to bring in 
stations all over the dial, without oscillation and with sharp tuning. This 
completes the aligning proceedure. 

639. Aligning the tuned stages in superheterodynes: In modern 
single-dial, superheterodyne receivers, the tuning of the tuned radio-fre- 
quency circuits and the oscillator circuits is usually accomplished with a 
gang tuning condenser. These tuned circuits must be “lined up,” but this 
is usually done after the intermediate-frequency stages have first been 
aligned. 

In these sets, the tuned circuits of the primary and secondary windings of the 
tuned intermediate transformers (see Fig. 283), must first be aligned at whatever 
intermediate frequency the receiver is designed for. Intermediate frequencies of 170 


Mn ANT. 



Fig. 482 — Test oscillator, radio receiver, and output meter setup for aligninN the tuning cir- 
cuits in a single-control receiver. The oscillator feeds signals of the desired fre- 
quency to the receiver. The output meter measures the output of the receiver. 
iThe capacity adjustment provided on each section of the gang tuning condenser 
of the receiver is varied until the output meter indicates that maximum output 
is being obtained from the receiver. When this is obtained, it indicates that 
the tuning circuits are properly aligned. 

to 180 kc are in common use, although in at least one make of receiver, a frequency 
as high as 260 kc is used. These stages are adjusted to tune to a definite frequency 
before leaving the factory, and if for any reason the alignment becomes changed 
thereafter, the set will not function properly. The general symptoms are, weak re- 
ception, broad tuning, and in some cases, poor fidelity. The detailed proceedure to be 
followed in aligning the intermediate-amplifier tuned circuits will now be considered. 
It should be remembered that it is not only necessary to align the intermediate stages 
with each other, but the entire combined i-f amplifier must be tuned accurately to the 
particular intermediate frequency for which it was designed. 

Aligning the intermediate-frequency sUges: (a) The oscillator tube in the 
receiver should be removed from its socket and the receiver turned on. The “output 
meter” or other output indicating device to be used should be properly connected to the 
receiver as outlined in the section headed “Possible ways of connecting the output 
meter,” in Art. 638. , . 

(b) Now adjust the test oscillator so it is operating at the intermediate fre- 
quency specified by the receiver manufacturer (let us assume this is 175 kc). Connect 
the “Ant” terminal of the oscillator to the “control-grid” terminal (cap) of the lust 
i-f tube. Connect the “Giid” terminal of tl^e test oscillator (usually the “shield” on 
the previous wire), to the “cathode” terminal of this tube. All the late superhetero- 
dyne receivers use screen grid tubes in the intermediate stages. Where 227 type tubes 
are employed in the i-f stages, as tn some of the earlier models, instead of coupling 
the oscillator to the control-grid cap of the screen grid tube as mentioned, it should 
be connected to the “grid” terminal of the 227 type tube. This may be done conven- 
iently by removing the tube from its socket, wrapping the bared end of the wire 
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tightly around its “grid'' prong, and then placing the tube back in its socket (with 
the wire still making contact with the “grid” prong). 

Usually there are two i-f stages, though in many sets only one stage is used. The 
primary and secondary coil of each stage is tuned by means of a small semi-variable 
2-plate condenser of the “postage stamp” type. The interior of a typical intermediate- 
frequency tuning unit with its shield removed, is shown in Fig. 285. The primary and 
secondary coils are^ of the duolateral type mounted on a wooden spacing-bar. The 
adjustable tuning condensers in the base of the unit, are those which must be ad- 
justed. They are usually constructed so that a screwdriver is all that is required 
in order to turn the adjusting screw on each one. Therefore, in a two-stage i-f super- 
heterodyne receiver there will be 6 adjustments, and where only one stage is employed, 
4 adjustments will be found. The secondary tuning condenser and then the primary 
condenser of the last i-f transformer should be adjusted for maximum output. Next, 
the test-oscillator coupling lead should be connected to the control-grid cap of the l«t 
i-f tube, where the receiver has two i-f stages, and adjustment of the condensers in 
that stage made for maximum output. To tune the 1st i-f transformer, the test-os- 
cillator “Ant” lead is coupled to the control-grid of the 1st detector tube, and the 
test-oscillator “Gnd” lead is connected to the “cathode” of this tube. The secondary 
and primary tuning condensers are now adjusted until maximum output is indicated 
on the output meter. 

Adjusting band-pass i-f tuners of the superhet: Some manufacturers have de- 
signed the intermediate-frequency stages of their superheterodyne receivers with a 
band-pass effect so their tuning curve is flat-topped in order to minimize the sup- 
piession of Sideband frequencies with the resultant poor high-frequency note reproduc- 
tion. With these i-f amplifiers, no appreciable change in output meter reading shbuld 
be obtained when the test oscillator frequency is shifted from 171 kc to 179 kc (for a 
175 kc amplifier). In other words, any drop which may occur in the output should be 
the same when the test-oscillator frequency is shifted from 175 kc to 171 kc as it is 
when it is shifted from 175 kc to 179 kc. This will indicate that the flat-topped por- 
tion of the tuning curve of the i-f amplifier is properly centered at 175 kc. The reader 
should study (C), (D), (E), (F) and (G) of Fig. 257 at this point tp propieVly un- 
derstand this. 

Aligning the oscillator of the superhet: After aligning the i-f stages, the adjust- 
ment provided on the receiver oscillator stage tuning condenser section should be ad- 
justed next. This is one of the most important operations in the entire proceedure, 
and it determines the dial settings at which broadcasting stations are received. 

The test oscillator should be connected lo the “Ant” and “Gnd” terminals of the 
receiver exactly as specified for aligning t-r-f receivers, (see Art. 638). The oscilla- 
tor tube should be in its proper socket in the receiver. Adjust the test oscillator to 
a frequency near the high-frequency end of the broadcast band. Now vary whatever 
capacity adjustment is provided on the set oscillator stage tuning condenser section, 
until maximum output is obtained, as indicated by the output meter. Repeat this at 
several other frequencies in the broadcast range. This insures that the frequency of 
the receiver oscillator will always differ from that to which the r-f and first detector 
tuning circuits are tuned, by a fixed frequency equal to that for which the i-f amplifier 
is designed, — for any setting of the receiver tuning dial. 

In some cases, the receiver pointer dial may have shifted in relation to the con- 
denser shaft. This can be checked and adjusted by notipg whether the kilocycle mark- 
ing on the set dial corresponds with the frequency of the oscillator when the adjust- 
ments on the set oscillator condemser are being made. 

Aligning the r-f stages of the superhet: The tuned circuits of the radio frequency 
stages, (if any are employed), and the first detector stage, arc aligned next. With 
the oscillator still connected as before, those sections of the gang condenser which 
tune these stages, are aligned in exactly the same way as explained for t-r-f receivers 
in Art. 638. The test oscillator is operated at several broadcast frequencies, — pre- 
ferably starting at the high-frequency end of the dial. Proper adjustment is made 
until maximum output is obtained in each case. This completes the proceedure for 
aligning all of the tuned circuits of superheterodyne receivers. 
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REVIEW QUESTIONS 

1. What is meant by ‘‘continuity” of a circuit? 

2. Describe the process of testing a circuit for continuity. 

3. Draw a diagrani of the plate circuit of a vacuum tube in which the primary 
of an r-i transformer, and a voltage-dropping resistance are connected in 
series. A grid-bias resistor is connecteH between cathode and ground (B 
minus). Explain ho\y to locate the trouble and determine its nature. 

4. A short-circuited primary winding in an audio transformer is suspected as 
the cause of trouble in the receiver. The resistance of the primary is norm- 
ally 2,000 ohms. Draw a circuit diagram, and explain how you would test 
the transformer. 

5. How would you check the value of a grid-bias resistor supposed to be of 
3,000 ohms resistance? 

6. Suppose the by-pass condenser across this grid-bias resistor is of 1 mf. 
capacity. If this condenser were short-circuited, what effect would it have 
on the operation of the receiver? How would you test the condenser? 

7. What is the first step in servicing an inoperative receiver? 

8. Explain how the circuits terminating at a tube socket may be tested by 

means of separate instruments. 

9. What is the advantage of the use of a set analyzer or tester instead of sep- 
arate meters, for testing receivers? 

10. Explain briefly the circuit arrangement and operation of a set analyzer. 

11. Draw the circuit diagram of a battery-operated modulated oscillator which 
may be used for test for testing and lining up the radio-frequency and inter- 
mediate-frequency tuned stages of a superheterodyne receiver. 

12. Explain how the tuned circuits of a superheterodyne receiver are lined up 

with a device of this kind. What is the purpose of the output meter used 

in this work? 

Wh^ does failure to obtain voltage readings at the following points indicate 
in a receiver; (a) across the filament; (b) from plate to cathode; (c) from 
cathode to control-grid? 

14. Explain in detail how you would proceed to diagnose the trouble and locate 

• it definitely in a 5-tube t-r-f a-c tube electric receiver. 

15. Explain the effect of a shorted filter condenser in a power supply unit. If 
the condenser is one of those in a condenser block, how could it be tested and 
replaced? 

16. Obtain a picture wiring diagram of a simple battery-operated radio receiver, 
or better still, obtain a complete receiver chassis. Examine the parts and 
arrangement used in it and tell what type of circuit is employed. Give reasons 
for your answer. 

17. Carefully trace the filament wiring of the receiver of question 16, and draw 

a complete schematic circuit diagram of it. Draw the diagram neatly and 
carefully. , . , 

18. Now trace all the plate circuits, and draw them in on the diagram. 

19. Trace all the grid circuits, and draw them in. 

20. Trace all remaining circuits and draw them to complete the diagram. 

21. Repeat questions 16 to 20 for a “B” power supply unit. 

22. Repeal question 16 for an a-c tube electric receiver. 

23. Repeat questions 17 to 20 for this a-c tube electric receiver. 

24. What is a 4-gang tuning condenser? What is the object of using “gang" con- 
densers in modern radio receivers? . ^ i, . ^ i. 

26. Four sections of a 5-gang tuning condenser in a t-r-f receiver are set at such 
capacity that they each tune their respective tuning coils to 1000 kc. The 
fifth section has been jarred out of alignment so that it is tuning its tuning 
coil to 990 kc at this setting. Explain in detail just what effect this will 
have on the operation of the receiver. How may it be corrected? 



Chapter 36 

SOUND MOTION PICTURES 

GENERAL CONSIDERATIONS — GENERAL METHODS USED — SOUND-ON-DISC 
RECORDING SYSTEM — SOUND-ON-DISC REPRODUCTION — THE FADER — LOUD 
SPEAKERS — SPEECH AMPLIFIER — NON-SYNCHRONIZED MUSIC — SOUND- 
ON-FILM SYSTEM — THE LIGHT VALVE — REPRODUCING — SOUND-ON-FILM 
MOTION PICTURES — R. C. A. PHOTOPHONE SYSTEM — SPLICING FILM — COit- 
PARISON OF SOUND-ON-FILM AND SOUND-ON-DISC SYSTEMS — 
REVIEW QUESTIONS. 

640. General considerations: The rapid spread of the exhibi- 
tion of sound motion pictures (commonly called talkies) in theatres, has 
aroused widespread interest in the methods employed in recording: and 
reproducing the sounds accompanying the picture. The fact that radio 
equipment in the form of electrical phonograph pickups, photoelectric 
cells, powerful audio amplifiers and loud speakers are used in this work, 
makes a discussion of the prinicples involved, and the methods used, very 
appropriate here. 

641. General methods used: There are two fundamental meth- 
ods which are used in practice to synchronize sound with motion pictures. 
In the first, a disc record somewhat similar to the home phonograph disc 
is employed (Vitaphone System) . This is commonly known as the somd- 
0V{4isc system. In the second system, an optical recording on a sound 
track is imprinted either along the edge of the motion picture film, or in 
some cases, on a separate film run in synchronism with the picture. The 
latter method is employed in the Fox Movietone, Phonolilm, and Photo* 
phone systems. This is commonly known as the sound-on-film system. 
The Vitaphone and Movietone methods were developed in the Bell Tele- 
phone Laboratories, and the Photophone by the Radio Corporation of 
America. All of these systems are being employed at the present time. 
They have revolutionized the motion picture industry. 

642. Sound-on-disc recording system: The principle of the Vita- 
phone system, is to make a phonograph record of the sound simultaneously 
with the taking of the picture, and then play this record with a phono- 
graph pick-up unit fed to amplifiers and loud speakers, while the picture 
is being projected on the screen. The sound is projected in absolute 
synchronism with the picture. 

When the picture is being filmed, the sound is picked up by several 
microphone's located at advantageous positions in the studio. These feed 
into the “mixing panel” which is operated by a man located in a special 
glassed-in “monitor” or “mixing room,” overlooking the scene of action (see 
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Fifir* 483). The operator views the stage upon which the action takes 
place, through several thicknesses of glass to make the “mixer room” absO' 
lutely quiet. This is one of the most important parts of the sound ap- 
paratus in the entire circuit. The inputs of all the microphones are 
blended here and the operator can increase or decrease the input of any 
one microphone at will. Thus he is able to “pull up” or “tone down” the 
voice of a star, the music from the orchestra, etc. 

The director on the floor, controls the recording, etc., by means of a 
signal box which contains signal lights and push buttons for signalling the 





488~The "mixer room" of a United Artists sound motion picture stildlo. Here the 
output of the various microphones used during the Aiming of a picture are 
blended together in the proper proportion by the operator. 


various stations concerned in the filming and recording. A scene on a 
“set” in a sound stage studio just before the scene is “shot”, is shown on 
the left of Fig. 484. All direction is done by motion of the hands or arms. 
In this picture, all parts of the set are plainly seen. The microphone M is 
suspended from a boom at the left, almost directly over the star who is 
seated, and out of visual range of the cameras taking' the scene. 

Every possible effort is made to prevent the pickup and recording of 
undesirable noises during the Aiming of the scene. Arc lights in mbtion 
picture filming have given way to huge noiseless incandescent lamps L, 
as the objectionable sputtering and hissing noises of arc lamps would be 
recorded along with the rest of the sounds. 

The cameras are enclosed in sound-proof housings which may be easily opened 
to permit access to the mechanism. Two types of these sound deadeners are em- 
ploy. The type shown at B at the left of Fig. 484 consists of a sound-proof box B 
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as shown. The type shown at the left of Fif 2 f. 485 consists of a soft-padding blanket 
enclosure placed over the entire camera. This is commonly called a “blimp”. A 
box-like housing which encloses cameras for outdoor work is also shown at the right 
of Fig. 485. This machine contains the camera with its sound proof enclosure at the 
top. This can be swung in any direction and raised up or down vertically. This 
machine can move about the stage under its own power, carrying the cameraman 
and his assistant, wlfen taking scenes of moving objects. In the past, a crew of 3 or 
4 “grips” was necessary to keep the camera in motion for such a “shot”. The camera 
mechanism is coupled to an electric driving motor by a noiseless flexible shaft. 

The studio in which sound pictures are recorded, must be either sound-proof or 
acoustically treated, so that sounds from outside cannot penetrate and be picked up 



Courtewy Universal Pictures Corp. * 

Fig. Left; A scene on a sound picture “set.” Note the condenser-type microphone M 
over the seated star. The sound-proof compartment B over the camera is visible. 
Right; Taking outdoor scenes with the cameras placed in sound-proof enclosures 

by the microphones within the studio, and thus interfere with the sound record being 
made. The acoustic treatment also prevents reverberations, echos and other objec- 
tionable sounds. If the studio were not treated in this way, the rate of sound ab- 
sorption within the studio would be so low that words spoken in an ordinary tone of 
voice would be heard for several seconds afterwards, which would mean that the 
dozen or so syllables following the word in question would blend into the decaying 
sound of the word, and render understanding extremely difficult. 

On the other hand, a sound-recording studio must not be too “dead.” It should have 
some “life” to it. The “life” of a stuaio is a function of the walls surrounding the 
studio, the ceiling, the floor, and the number of persons and articles within it. When 
a sound shot is being made, it is obviously desirable to pick up only the sound per- 
toining to the action being Aimed. All extraneous noises only aid in bringing up the 
ground noise , and are therefore a detriment to high-grade recording. 

From the monitor room, the signal currents are fed to powerful 4 
or 5-stage audio amplifiers which greatly increase their strength. Then 
the currents are fed to the mechanical recorder which cuts the record. 
The records used in the Vitaphone system are "laterally” cut, i.e., the 
groove is of a constant depth and oscillates or undulates laterally about a 
smooth spiiial. The cut is about 0.0025 inches deep and 0.005 inches wide. 
The space between grooves is about four mils (0.004 inches). The num- 
ber of grooves per inch varies between 80 and 100 in usual practice. The 
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linear speed of the record past the cutter (or reproducing needle) varies 
between 70 and 140 feet per minute. Recording is accomplished by a cut- 
ting stylus which is made to vibrate in strict accordance with the ener- 
gizing current. Fig. 486 shows a recording room, in which two “disc 
recording machines” developed by the Bell Telephone Laboratories are 
installed. They are constructed to be mechanically rigid, and are ar- 
ranged to be driven synchronously with the motion picture. The turn- 



Fig. 486 — Left: Cameras niounied on the end of a long crane during the filming of a war 
scene by Universal Pictures Corp. The cameras are covered with sound-absorbing 
blankets or “blimps “ 

Right. A i,pecial sound proofed camera used by Paramount Pictures Corp. It Is 
mounted on wheels, and motor driven so it can move about under its own power. 


tables upon which the "wax” record is placed, may be seen at the left of 
each machine. 

The original disc or “wax” as it is called, is of a special metallic soap 
from 13 to 17 inches in diameter and about one inch thick. This is given 
an initial high polish, and is then mounted horizontally on the turntable 
driven at a uniform rate of speed and synchronized with the film passing 
through the cameras which are taking the scenes. This synchronization 
is accomplished by electrical means of a highly technical nature. (For 
further detailed information on this subject, the reader is referred to the 
Vol. 7, No. 3 issue of the Bell Laboratories record) . The cdtting stylus 
cuts from the center toward the outer edge of the disc. The turntable 
rotates at about 33 1/3 revolutions per minute, this is nearly the speed 
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at which a home phonograph disc rotates. The sound picture disc is de- 
signed to rotate slower so that a longer sound program may be recorded 
on a single record. 

After the wax has been cut, it is of course desirable to be able to 
“play” it at once fh order to detect any flaws. For this purpose, a special 
reproducer known as the “play-back” is used. This is made extremely 



Courteay Bell Telephone Laboratonee 
Fig. 486 — Disc or “wax” recording machines In the recording: room of the United Artlsta 
Studio in Hollywood. 

light so as to produce no appreciable wear on the relatively soft wax 
record. 

Ordinarily, one machine contains a “play-back” disc which is used by 
the director to ascertain if his record is as perfect as he wishes it to be, 
as regards voice and sound. The other disc is the “master disc” from which 
the reproductions for the flnal picture are made. This arrangement is 
very similar to the process of making phonograph records. In some cases, 
phonograpli artists make from six to twenty wax discs before the perfect 
one is decided upon. 

The glass jars above the machines in Fig. 486 form a depository for 
the wax shavings from the disc being recorded. A suction process is 
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utilized to suck the small wax shavings into the jar. These are emptied 
when the jar is near the filling point. A microscope is provided with each 
machine to enable the operator to carefully examine the recordings made. 

If the wax is satisfactory it is then dusted with a line conducting 
powder, and electroplated to produce a negative copy»of the recordings. 
This is called the “master’'. By successive electroplating steps, duplicates 
of the “master” known as “stampers” . are obtained, from which large 
quantities of “positive” playing records can be made. A thousand or more 
pressings can be made from a single “stamper”. 

Great success is being attained in the perfection of methods for re- 



Ft(. ifl — Souifil-on-diec recordinc cystetn. The sound waves act on the microphone, causlnc 
motion of its diaphragm and variations in the current through it. These are am- 
pllfled by the audio amplifier and actuate the electrical recorder which cuts a 
spiral groove into the “wax." Tiny wiggles are cut Into the groove in 'accordance 
, with the sound waves. (See left of Fig. 404.) 

cording parts of disc records so that the material may be entirely re- 
arranged, portions being deleted or added. This is called “dubbing” the 
'record. This of course is a great advantage for removing objectionable 
sounds for censorship purposes, etc. 

An outline picture of the recording process used in the sound-on-disc 
system is shown in Fig. 487. The sound waves are impressed on the micro- 
phone at the left, which converts them into varying electrical currents. 
These variations are* amplified greatly by the audio amplifier and are then 
fed to the electrical cutter or recorder which cuts corresponding “wiggles” 
into the spiral groove on the “wax” disc. 

643. Sound-on-disc reproduction: In the sound-on-disc system, 
the sound records are supplied to the motion picture houses along with 
the respective motion picture films. One disc is made for each reel of 
film but a spare disc is supplied with each reel in case of damage, breakage, 
and so forth. In the projection booth of the theatre, the horizontal turn- 
table is mounted beside each projection machine as shown in Fig. 488. 
One “frame” at the beginning of the film is marked to go at the starting 
point. When the film is threaded into the machine the starring point is 
located at the picture aperture, and the needle of the phonograph pickup 
(this is calldd a reproducer in sound picture work) , is placed in the inside 
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groove of the disc record, at the point marked “start”. The disc turntable 
is rotated by the same electric motor which drives the film through the 
projector, so that synchronism is maintained between scene and sound 
throughout the entire showing of the reel of film. 

While the film is running at 90 feet per minute, the disc turntable 
is revolving at 33 Mt r.p.m. The equipment includes a special vacuum 
tube speed-control system, for keeping the speed of the film and disc con- 
stant, so that the film running at the speed of 90 feet per minute keeps 
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Fig 4SS — A motion picture projector equipped for both sound-on-dlsc and suund-on-flim re- 
production For the former the turntable and pick-up (reproducer) shown at *he 
left are eii pioyed 


constant within V 2 of 1%. The electric motor rotates at exactly 1,200 
r.p.m. even though the line voltage may change. This equipment is con- 
tained inside of the motor speed-control box shown at the right of Fig. 
488. The phonograph pickup unit or “reproducer” is usually of the elec- 
tromagnetic oil-damped type, of refined design so as to produce good 
fidelity over a wide frequency band. This type of pickup was described 
in Article 543. The sound frequencies reproduced by commercial sound 
picture systems range from about 30 to 6000 cycles per second. 
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644. ^ The fader: ' As in the case with the exhibition of ordinary 
silent motion pictures, two or more projectors must be used alternately 



rt»8y EUctrical Research Products Corp. 

— The method of setting the record at the "starting point” in the sound-on-disc sys- 
tem The needle of the phonograph pickup unit is placed m the starting mark 
on the disc 

to present a continuous -program. At the end of a record and reel of 
, film, the music and speech coming from one machine must be blended per- 
fectly into that starting from the new one, just as the picture from the 



VOLUME 
MACHINE Nil 

Pig. 490 — A typical "fader” resistor arrangement employed in sound picture work — see Fig. 491 

finished reel is faded into that from the next. When a cue spot in the 
picture flashes on the screen, the operator sets the second machine in mo- 
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tion. Immediately thereafter, the “chansre-over” is made. This is done 
on the screen by closing the iris shutter of the expiring projector and in> 
stantly opening the shutter of the new machine. The change-over between 
the two sound records is accomplished by a device known as a “fader”. 



Couri€ty SUetrie^ Rss^areh Prod. Corp. 


Pig. 4dl — A typical Fader control cabinet. The 
Fader control knob may be turned 
to either side to play from either re- 
producer. The graduations indicate 
the volume level position — see Fig. 
490. 


At the end of each sound disc (or sound film) the sound recordings over- 
lap. Then at the beginning of the next one as the starting projector goes 
into operation, the fader control knob is turned, reducing the output of 



pif. 493 A simpllfled diagram of the reproducing arrangement employed in the sound-on-disc 

system. The wiggles in the spiral groove of the phonograph record cause the needle 
in the pick-up unit to vibrate. This causes a corresponding varying e.m.f. to be 
generated in the coll of the pick-up. The variations in the e.m.f are greatly am- 
plifled by the powerful amplifier, and are fed to the loud speakers which convert 
them to corresponding sound waves. 


the expiring record gradually to zero and simultaneously increasing the 
loudness of the sound from the new record to any desired volume. 

e 

The fader system commonly used in sound picture work is shown in 
Fig. 490. Input terminals 1-2 and 3-4 from the machines, are shown at 
the left. The fader resistor really consists of a potentiometer system. 
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Teminal 16 is fixed and connects to the center of the resistor. Terminal 
16 connects to the moving contact arm which may be moved either up or 
down from the ‘‘minimum volume point” contact. The positions for min- 
imum and maximum volume are shown on the diagram. The front view 
of the fader control with the knob and indicating dial, is shown in Fig. 
491. The changeover from one reel 
and record to another, is barely per- 
ceptible to the audience when done 
by a skillful operator. 

The fader resistor taps are so 
arranged, that in the lower range 
used in changing between projectors, 
the steps are rather large; whereas 
in the upper range, the volume 
changes in scarcely perceptible steps. 

The fader can therefore be used as 
a volume control, and also for equal- 
izing the volume of sound obtained 
from different records. As the acous- 
tic characteristics of a theatre, due 
to its dimensions, architectural fea- 
tures, and especially the size of the 
audiepce, ^jaries considerably from 
time to time, the fader serves also as 
a convenient means of controlling 
the volume of the reproduced sound 
in order to obtain the most natural 
and pleasing reproduction. 

. 644A. The audio amplifiers: 

After having been adjusted by the 
fader, the varying audio voltages go 
to a series of special amplifiers, where 
they are enormously amplified. 

These amplifiers are designed so that 
all frequencies from about 40 to 
10,000 cycles are amplified about 
equally. The amplifier is usually 

built in three units. The first con- Courtesy Electrical Rest arch Prod. Corp. 



sists of a three-stage resistance 
coupled amplifier using low-power 
tubes. The second unit consists of 


Fig. 492 — A typical rack-and-panel audio 
amplifier and output control panel 
employed in sound picture work. 


a push-pull stage of medium-power tubes heated by alternating current, 
while the third unit consists of a push-pull stage using high power tubes 
with filaments energized by alternating current. Plate potentials for all 
tubes are obtained from rectified alternating current supplied by rectifier 
tubes, and smoothed out by a suitable filter unit. 
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For small theatres, only the first two units are used, while for large 
theatres one or possibly two of the third type are also used, to obtain 
sufficient volume of sound for the auditorium without overloading. The 
three units are capable of multiplying the energy of the reproducer nearly 
one-hundred-million-fold. An amplifier of this type is shown in Fig. 492. 
The various parts are labeled directly on the illustration. Notice that it 
is built in standard rack-and-panel form so as to take up a very limited 
amount of floor space. The output from the last amplifier stage is brought 
to an output-control panel mounted at the top of the amplifier rack. This 
consists of an autotransformer having a large number of taps .which are 
connected to a number of dial switches. The loud speakers are connected 



Courtf^y Elertrteal Ri search Produett Corp. 

Fig. 494 — A longitudinal cross-section view of a typical theatre showing the installation ar- 
rangement of the sound equipment. The exponential horns are mounted about 2/3 
the way up from the bottom of the screen The circuits run to the amplifier panel 
in the projection booth at the upper right 


to these switches, so that the impedance of the amplifier output can be 
matched to the number of loud speakers it is desired to use at any time. 
This makes the individual adjustment of volume of any loud speaker 
possible when necessary. An outline diagram showing the main parts in 
a sound-on-disc reproducing system is shown in Fig. 493. An electrical 
phonograph pickup reproducer unit playing from the record at the left, 
produces varying electric voltages which are amplified by the high-gain 
audio amplifier system, and then fed to the loud speakers where the sound 
is reproduced for the audience. 

64S. The loud speakers: Large exponential horn-type loud speak- 
ers with electro-dynamic driving units of the type shown at the left of Fig. 
358 and in Fig. 359 have been used almost exclusively in sound motion 
picture installations on account of their very high efficiency. The loud 
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speakers have been greatly improved and are being designed to take up 
as little space as possible behind the motion picture screen. In some in- 
stallations four loud speaker horns are placed at the front of the theatre 
— two being placed in the orchestra pit and directed more or less toward 
the balconies, the other two being located behind the •upper edge of the 
screen and directed downward toward the rear floor seats. In recent in- 
stallations only two speakers are used. These are mounted about 2/3 of 
the way up from the bottom of the screen as shown in Fig. 494. The ac- 
tual installation of two of the newer flat-type speakers which are mounted 
in such a way that they are raised or lowered as a unit with the motion 
picture screen, are shown at the left of Fig. 495. Notice the bracing to 



CourtfJty EhHrical Hfn^arch Prod. Corv. 

KJg. 495 — Left: Two flat- type exponential horn speakers mounted directly on the back of the 
motion picture screen of the Roxy Theatre in New York City. The speakers are 
lowered and raised with the .screen Each speaker has 4-drlvlngr units on it. 
Right: A typical coiled-type exponential horn speaker 30" deep, employed in sound 
picture work. 


strengthen the speakers at the back, and the use of 4 driving units on each 
speaker. This type of speaker is also very advantageous in theatres where 
the screen is located very near the rear wall of the theatre. At the right 
of Fig. 495 is shown one of the coil-type exponential horns which have 
been used extensively. Notice that this provides for the use of two driv- 
ing units (see Art. 471) . 

There are several reasons for placing all of the horns at the ‘front 
of the theatre rather than distributing them throughout the theatre. 

One of these is what may appear to be a lack of synchronism between the moving 
picture and the sound; that is to say, the ear may subconsciously detedt a fraction of 
a second difference between the movement of the actor*s lips and the reception of his 
voice. This is not a technical defect but a perfectly natural law that governs the 
difference between the speed of light and the speed of sound. Now the movement of 
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light is practically instantaneous (186,000 miles per second), so that the man sitting 
in the farthermost row of a large theatre actually sees the image on the screen at the 
exact instant that it appears on the screen, while the sound, coming the entire length 
of the theatre, strikes his ear a fraction of a second later, since it moves at the rate 
of only 1130 feet per second. The natural reaction to this, is to wonder why loud 
speakers could not be*placed in all the different parts of the theatre. However, a care- 
ful analysis of this suggestion will make the drawbacks self-evident. A cure of this 
kind would be worse than the original ill, due just to this very time-lag. It is true 
that the spectator in the far row would hear the sound from the speakers in the rear 
of the theatre at exactly the same time that he would see the image, but a fraction of a 
second later he would hear this same sound coming up from one of the speakers located 
in the front of the house. The result would be a fuzzy or blurred sound to every one 
in the house, as the spectator down front would also hear the response from the 
speaker located at the back of the house later than from the speaker nearby. For 
this reason, it has become standard practice to place all loud speakers at the front of 
the theatre, and facing out toward the audience. Fig. 496 shows a typical installation 


EXCITING PHOTCLECTffIC 



Fits. 496— Block diagram showing the typical sound picture equipment employed In a theatre. 

The various amplifler and control units are shown. The signal impulses originate 
in the photoelectric cell at the upper left, are greatly amplifled, and then pro- 
gress through the equipment to the loud speaker horns behind the screen. 

of equipment for sound pictures. The directive sound characteristic of the particular 
horns used is impo^nt, since it is responsible for the illusion that the sound comes 
directly from the lips of the persons appearing on the screen. 

If speakers which radiate their sound over a wide angle are used, 
the sound appears to be coming from a point some distance behind the 
screen, A special type of screen, reflecting light well, but transparent to 
sound, is used for the picture, so that the sound from the speakers located 
behind the screen is not seriously interfered with. 

A small monitoring horn is placed in the projection booth for the con- 
venience of the operators to enable them to follow the program continu- 
ously, and to instantly detect any trouble which may occur in the repro- 
ducing system. 
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646. Speech amplifier: In addition to their convenience as a 
part of the sound motion picture equipment, the audio amplifier and loud 
speakers may also be used as a public address system for speech ampli- 
fication. Microphones can be concealed in the floor lights and placed in 


Fig. 497 — Equipment for producing non- 
synchronized music accompany- 
nient for silent pictures. Two 
turntables and reproducers are 
provided, together with record 
cabinets. The usual Fader, am- 
plifier and loud speaker equip- 
ment must also be employed. 



Oourttty BtU TtUfhoiu LaboraiorUs 

such positions that they will not be affected by the sound waves issuing 
from the horns. A microphone is also installed in the manager’s office 
for announcements to the audience in the theatre. 

*647. •Non-aynchronized music: By means of the auxiliary equip- 
ment shown in Fig. 497, the sound picture system can also be used to pro- 


this is what you “This is what 
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Pig. 498 — Left: Enlargeme t of Movietone sound recordings on a motion picture film. The 
sound recordings consist of the parallel light and dart jjnes T at the right. 
Right: Enlargement of sound recordings emx^oyed In R. C. A. Photophone wstem. 
The recordings at T consist of a uniformly-dark band of varying width and area. 


vide non-synchronized music as an accompaniment to silent pictures with 
which no sound recordinfifs are provided. There is a cabinet containing 
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two motor-driven turntables, each having a pick-up unit and means for 
locating it accurately on a record. A fader is provided to make continu- 
ous playing possible from one record to the next. Two record cabinets are 
also supplied, as shown. This is sometimes called an “electrical tran- 
scription” program, and may also be employed for supplying music during 
the intermission period on the program. The same amplifiers and loud 
speakers are used, as are employed for the synchronized speech and music. 

648. Sound-on-film system: There are two methods of sound 
film recording in general use. In the Movietone method, the variations in 
sound are produced by variations in light through the sound track “T" 
of variable density and constant width along one edge of the film. The 




Coxiritny Elect. Research Prod. Corp. 

Fig. 499 — Left: A sound-on-fllm recording ma- 
chine employed In the motion < pic- 
ture studio. 

Right- The light-valve employed for 
recording the sound track on the 
film This Is the heart of the en- 
tire recording system 


film also contains the visual pictures “P”, as shown at left of Fig. 498. 
In the R.C.A. Photophone system, the variations in sound are produced 
by variations in the area of the uniformly dark sound track “T” along one 
edge of the film, as shown at the right of Fig. 498. The taking of the 
picture and method of projecting it are quite similar in both systems as 
we shall see later. 

In the Movietone system the sound track on the film is recorded in 
the machine shown at the left of Fig. 499. This is mounted in a separate 
room off the “set”. The recording machine is driven by a three-phase 
synchronous electric motor which is supplied with current from the same 
source as is the camera motor. Both motors are electrically interlocked 
so they both run at exactly the .same speed. 

649. The light valve: The heart of the recording machine is the 
light valve. This is shown at the right of Fig. 499. It consists of a loop 
of duraluminum ribbon, suspended in the narrow slit between two pole- 
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pieces of an electromagnet as shown in the illustration. The duraluminum 
ribbon is .006 inch wide and .003 inch thick. Its ends are secured to sep- 
arate insulated windlasses stretched tight by a spring-held pulley. The 
ribbon is looped around the idler pulley shown at the left. In this way, 
the two parts of the ribbon form a very narrow slit approximately .0003 
inch wide, between them, at the part where they pass between the pole- 
pieces of the electromagnet. The output terminals of the audio amplifier, 
which follows the microphones, are connected to both ends of this light- 
valve ribbon. The audio currents flowing through the continuous loop- 
circuit formed by the two sides of the ribbon, produce varying magnetic 
fields. These cause the two sides to repel each other and thereby wider. 



Courtety Elrctncal Research Prod Corp. 


Fig. 500 — Light and optical system for sound-film recording At (A) the beam of light from 
the light -source is condensed into a narrow beam by the condenser lens. This 
shines through the slit of varying width between the two sides of the duraluminum 
ribbon in the light valve. The beam of light which gets through is of varying 
width, depending upon the recording signal fed to the light valve. This acts on the 
senbitized negative film which is moved past it at the right, resulting in the sound 
recordings as shown at T on the film at the left of Fig. 498. 

(B) Position of the two sides of the duraluminum ribbon when the slfl is closed 
and no light gets through. 

(C) Position of the ribbons when the slit is wide open and maximum light gets 
through. 

the slit between by varying amounts, depending upon the amount of cur- 
rent. The tension on the ribbon is adjusted to tune the valve to about 
8,600 cycles to give the best frequency-response. 

When the slit between the ribbons in the ligrht valve is placed between the light 
source and the photographic film, a camera shutter of unconventional design is formed. 
A diagram of the simple optical system which results, is shown at (A) of Fig. 600. 
At the left, is the light source which is focused on the very narrow slit between the 
two sides of the ribbon, onto the light valve, by means of the condenser lens. A very 
thin band of light passes through the slit in the valve, and is then focused at a two-to- 
one reduction on the photographic negative film at the right, which is being moved 
past this slit of light at proper speed. The undisturbed valve opening causes a very 
thin band of l|ght to appear on the film as a straight line, wifr its length at right angles 
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to the direction of the film travel. The width of this pencil of light varies in accord- 
ance with the opening of the slit, which in turn, depends on the audio current sent 
through the ribbon. Therefore the negative film receives exposure to light of variable 
density, depending on the amount of the opening of the slit. The recordings appear 
as a series of parallel lines of varying darkness, as shown at the left of Fig. 498. 

649 A. Sound-oii*filin recording: The recording of the sound 
program in the studio, is carried out on a film separate from that 
which receives the picture. This practice permits the use of two machines 
to make duplicate sound records. The practice of employing separate 
negatives for sound and picture also permits the picture negative to be 
developed and printed separately according to well-established technique, 
and allows the necessary latitude required in developing the film contain- 
ing the sound record, for best results. 

The recording machine is designed to draw the film from the upper feed magazine, 
past the valve slit, to the take-up magazine below. This is accomplished at a uniform 
speed of 90 ft. per minute, by means of two sprocket wheels which engage the film 


NECATIVf 

FILM 



SOURCE OF SOUNO 

Fig. 501 — Siinplifled diagram of tlie recoiding stein ernpfoed for recording the tound 
track on the film. (See Figs. 498 ajt'd 500.) 


e erforations. Inside the left hand sprocket, is a photoelectric cell which is affected 
y the light passing through the “sound track” on the film, so that its amplified cur-, 
ren variations may be heard from a loud speaker used to monitor the recording as it 
is actually being impressed on the film. 

The light source, shown at the left of the machine, is an 18 ampere projection 
lamp with ribbon filament. Great care is exercised in adjusting, so that the loudest 
sounds give the maximum allowable exposure. The program is rehearsed until satis- 
factory arrangements of microphones and amplifier gain is effected, this being judged 
by the monitoring loud speaker. An outline diagram of the sound-on-film system of 
sound studio recording is shown in Fig. 501. 

Sound picture news reels are usually recorded by a different method 
in which the heart of the system for changing the electrical currents into 
light variations, which are in turn applied to the negative film, is a flash- 
ing light called the Aeo-Light. 

The term “AEO” was derived from the three words. Alkaline Earth 
Oxide, by taking the first letter in each word. This seemed a fitting term 
to use, because the coating on the negative electrode of this flashing lamp 
is an Alkaline Earth Oxide, and it is this coating which gives to the light 
the inherent properties which make it adaptable to sound pictures. 

The Aeo-Light is a tubular-shaped lamp, about six inches long and 
one inch in diameter, inside of which there is a filament-shaped negative 
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electrode. Adjacent to this electrode there is a plate, which is the posi- 
tive electrode. The negative electrode, or filament is covered with barium 
and strontium. The gaseous content of the Aeo-Light is about as follows : 
1^ per cent nitrogen; 3 per cent neon; and 96 per cent helium. 

When about 860 volts, direct current, is applied across the “Aeo-Light” 
in series with 12,000 ohms, a bluish white glow is established within the 
tube. The d-c voltage varies with different lights, and is usually made 
of such a value, that there will be a current of about 10 milliamperes 
flowing through the Aeo-Light circuit, because with a gaseous tube of this 
type, after the gap between electrodes has become ionized, the impedance 
of this path is liable to become lower and lower until it is practically a 
short circuit. The stabilizing resistor obviates this possibility. When the 
Aeo-Light is energized with the d-c voltage and normal direct current 
is flowing through its circuit, it is very sensitive to changes in voltage 
across its terminals. Therefore, if the alternating current output from 
the audio amplifier is applied across its terminals, it causes the brilliancy 
of the glow within the tube to vary in accordance with variations in the 
applied sound energy. 

The Aeo-Light is placed in a tuoe in the back of the motion picture 
camera. The inner end of this tube, has a minute slit about 100 milli- 
meters long and 1 millimeter wide, and it is through this little slit that 
light shines from the Aeo-Light through to the film, which is passing the 
aperture in the end of the Aeo-Light tube at the rate of 90 feet per minute 
during the course of operation. In the Fox-Case Movietone system of 
recording sound pictures used in news-reels, the action being recorded 
.by the camera always bears a constant relation to the sound being re- 
corded, because in this system the sound is recorded on the same nega- 
tive that the picture exposures are made on and they are, therefore, al- 
ways in synchronism. 

In the studios, the sound track is usually recorded on a separate piece 
of negative film, and the sound and picture are combined into a single 
print during the printing process, the picture being printed first, with the 
sound track masked out, and the sound track is printed last, with the ex- 
posed picture masked out so as not to fog it. The Aeo-Light has the dis- 
advantage of giving insufficient light to completely expose the film, and 
hence limits the amount of power which can be obtained in the reproduc- 
ing system, without excessive surface noise, but has the advantage of 
being practically independent of frequency within the audio range. * 

When scenes are to be recorded “on location”, away from the motion 
picture studio, all of the required electrical recording apparatus must be 
transported to the place where the picture is being film^. Special com- 
plete groups of recording equipment are employed for this purpose. They 
are installed' permanently in automobiles so as to be readi'y transported 
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and available at all times for “location" work. All of the apparatus is 
arransred on the automobile, in a way which makes it possible to quickly 
get it into operation. Flexible cables run from the apparatus in the auto- 
mobile to the recording cameras, etc. 

Fig. 502 shows the interior 
of a sound truck employed by the 
United Artists studios in making 
outdoor scenes for talking pic- 
tures. Fleets of these units ac- 
company him companies to 
distant locations to record voices 
and sounds that synchronize with 
the photographic action. 

650. Reproducing sound- 
on-film motion pictures: Most 
moving picture projectors are 
equipped both with the sound-bn 
disc turntable and reproducer al- 
ready described, and also with 
sound-on-film reproducing equip- 
ment, so that either pype of pic- 
ture may be exhibited. ' The 
sound-on-film reproducing ap- 
paratus is located beneath the 
ordinary projector mechanism 
as shown in Fig. 488. 

As the film leaves the projector mechanism and enters the sound unit, it passes 
down from the sound gate, where a beam of light from the exciting lamp is concen- 
trated by an optical lens system and aperture containing a slit which brings the light 
to focus as a fine line across the sound track, (see Fig. 603). The film moves at the 
uniform speed of 90 feet per minute through the sound gate, and to the take-up 
magazine below. The film speed is the same as that used during the recording. 

The density of each particular line of the sound track, as it passes the pencil of 
light at the sound gate, determines the amount of light permitted to pass through the 
film on to the photMlectric cell beyond. The current flowing in the photoelectric cell 
is therefore modulated in accordance with the density of the lines on the sound 
track. This photoelectric cell is located on the side of the sound gate away from the 
exciting lamp. As the sound gate is 14^ inches below the picture gate, the sound 
recordings are purposely printed on the film 14 inches in advance of the correspond- 
ing picture, so that the sound track and picture wilt reach their respective gates at 
the same time, and the sound will be heard at the same instant that the picture appears. 

The photoelectric cells commonly used at the present time are of 
the gas-filled caesium type. A cell of this kind is shown at the right of 
Fig. 436. The arrangement of the exciting lamp at the left, the sound 
gate at the center, and the photo-electric cell at the right are shown in 
Fig. 604. "rtiis is an interior view of the sound-head on the projector. A 
simplified schematic view is shown at the left of Fig. 606. A form of 
photo-electric cell which is not supplied with a base but which is simply 





Courts0y Untied ArtiHe 
Fig. 502 — A sound truck with all apparatus 
necessary for recordinff the sounds 
with outdoor scenes. 
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mounted between two pieces of sponge rubber held by a spring, is shown at 
the right. This shock-absorbing mounting may be seen by inspecting the 
photoelectric cell in the compartment at the right of Fig. 604. 

The photoelectric cell output is strengthened by a small “head am- 
plifier”, (of type shown at the left of Fig. 438 and in Fig. 603), mounted 
close to the sound unit. The output of this amplifier |:oes to the “film- 
disc” switch. The output from either the sound-on-film pickup or the 
sound-on-disc pickup, (depending upon which is being employed), is 
carried to the fader, which regulates the volume of the sound during the 
show. From here the current is carried to the main rack-and-panel am- 
plifiers, the output of which passes to the loud speakers located behind 
the screen, from which the sound issues in synchronism with the action 
of the picture. The simple 
schematic drawing of the sys- 
tem employed in reproducing 
sound-on-film programs is shown 
in Fig. 506. 

, This shows how the narrow 
slit of light from the exciting 
lamp shines through the film to 
the photo-electric cell. The out- 
put of the cell is amplified by the 
audid .amplifier, and is finally fed 
to the loud speaker which pro- 
duces the sound. The changes in 
the frequency of the sound, are 
determined by the number of 
changes from dark to light and 
back again per inch length of the 



sound track. The changes in the 
intensity of the sound, are 
determined by the changes in 
the density or darkness of the 


Figr. 503 — The exciting lamp, 9 ptlcal system, 
photoelectric cell, and' connection to 
the first amplifier stage (called the 
“head amplifier’’) In the sound-on- 
fllm reproducing system. 


lines on the sound track as the film is moved past the narrow film of 
light, the light and dark lines on the sound track rapidly interrupting the 
light film, thereby interrupting the output of the photo-electric cell. These 
interruptions appear as sound waves from the loud speaker. 

651. R. C. A. Photophone system: In the R. C. A. Photophone 
system, the recording is accomplished by an oscillograph whose mirror is 
actuated by the variations in the frequency and intensity of the output 
voltage of the photoelectric cell, so as to throw a strong beam of light on 
to a moving film. These light variations, corresponding to sound varia- 
tions, are recorded as a single jagged, heavy line that looks like a succes- 
sion of mountain peaks viewed from a distance. • 

Fig. 607 shows the combined picture and sound projector. In this, 
as in the Movietone, the light beam passes through the sound-track on the 
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film, on to a photoelectric cell. In this cell, the varying light gives rise to 
feeble variations of electric currents which are greatly magnified by the 
amplifier, so as to operate a number of loud speakers on the stage. The 
machine is usually provided with an attachment whereby either the vari- 
able density (Movietone) film or the disc records (Vitaphone) may also 
be reproduced as sound. 

652. Splicing film: In case the film which is synchronized with 
the sound from a separate disc-record becomes broken, it is necessary to 



Couri99^ EleetrietU R€mreh Prod/ueU Oorp. 

Fig. 604 — An Interior view of a typical sound head on a motion picture projector. The 
exciting lamp and control rheostat are In the compartment at the left. The con- 
denser lens system is In the center compartment. The film also c^mes down 
through this compartment. The photoelectric cell (see Fig. 605) is In the compart- 
ment at the right It is held between two thick pieces of sponge rubber by the 
colled .spring shown. See left of Fig. 606. 

splice in a length of blank film equal to the length of film removed due to 
the break, in order to prevent the sound from getting out of synchronism 
with the picture. 

In case a film which has the sound track on it becomes broken, the 
splice must be made in a special way in order to prevent a loud thump 
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from being heard from the horns when the splice passes, through the sound 
gate. This “thump" would be caused by the electrical impulses sent into 
the amplifier by any discontinuity which was present in the sound track. 




Courtesy Bell Lahora/0ttes 


Fi*. 505 — Left: Simplified diagram showing the arrangrement cf the apparatus' m Ihe sound 
head of a motion picture projector equipped to reproduce from sound-on-fllm pic- 
tures. (See Fig. 504.) - . ^ j .4 xt 

Riirht' A photoelectric ceff empiojed in sound-on-fllm reproducmK apparatus. No- 
tice the clear "window" In tlve staSs bulb through which the light may shine on to 
the sensitized surface inside. The circular-hoop plate is also visible inside. (See 
right of Fig 504.) 



Fig. 506 — A simple schematic diagram of the entire sound-on-fllm reproducing system. The 
actual apparatus s shown in the accompanying illustrations. 


In dealing with a film of this type, the splice is first made in the Usual manner. 
Then it should be painted with black or red lacquer as shown at A of Fig. 508. The 
painted mark on the sound track should be roughly triangular in shape with a rounded 
apex, and between % inches and Vfe inches wide at the base. If the splice is painted 
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in this manner, it will be almost inaudible when passing through the reproducing 
mechanism, as any change in light intensity which it causes, will be at a low fre- 
quency below the audible range. If the base of the triangle is made too short, as 
shown at the change in light will be abrupt, and the thump produced will be 
▼ery pronounced. If it is made too long, as shown at “C”, enough of the sound track 
may be obliterated t9 cause noticeable interruption or pause in the sound. Therefore, 


PI CTURE 

LAMP 



cniiun PHOTO 

gUJjP electric CELl, 


SOUND /electric currents toV 

amplifiers and loud ‘ 

SPEAKERS ' 


FIs- 507 — R C. A Photophone picture projector and sound reproducing^ equipment*. The 
sound recordings are shown at the right of Fig. 498. 


the painting of the triangle should be done with care. It is done on the shiny celluloid 
aide of the film. 

653. Comparison of sound-on-disc and sound-on-film systems: 

While both the sound-on-disc, and sound-on-film systems are being used 
at the present time, it is probable that the sound-on-disc system will be 
abandoned in the near future, in favor of the sound-on-iilm method. The 
present arrangement of using both systems has many disadvantages, 
possibly the most important of which is the fact that motion picture ex- 
hibitors are forced to install projecting machines equipped both with the 
turntable and pick-up unit for sound-on-disc films, and the exciting lamp, 
lens system, photo-electric cell and head amplifier for exhibiting sound-on- 
film pictures. This greatly adds to the expense and maintenance costs of 
the projectors. 

While each of the systems has certain advantages, it seems probable 
that the economic disadvantages of the sound-on-disc system film will 
cause it to be dropped. 

In the first place, two discs must be shipped with each reel of film — 
one disc for the actual playing and one to be used as a spare in case of 
damage to the first one. This means that the cost of shipping the discs 
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from theatre to theatre is very high, also since the discs must be shipped 
in sej^rate containers from those which hold the films, the problem of 
handling them is quite troublesome. Since, in the sound-on-film system, 
both the sound track and the picture are on the same film, the shipping 
of the films is no more expensive than it is with the 0 I 4 silent-type films. 
One advantage of the sound-on-disc system is that the film which con- 
tains the picture can be used much longer than it can in the sound-on-film 


CORRECT METHOD 



Fig. 508 — How film with a sound track 
should be spliced. An opaque 
triangle is painted in on the 
sound track as shown at A. 


CourUty Electrical Reeearch Prod. Corp. 


system. In the latter the life of the film is determined by the time when 
the ^Im becomes sufficiently scratched due to running through the pro- 
jector, so that the sound track becomes very noisy. The entire film must 
then be scrapped. In the sound-on-disc system, when the disc becomes too 
noisy due to wear, new duplicate discs are supplied, the same film still 
being used for the picture. 


REVIEW QUESTIONS 

1. Describe the sound-on-disc method of recording sound motion 
pictures. 

2. What is the “wax” ; the "play-back” ? 

3. What is the “fader”, and what is it used for in sound picture 
systems T 

4. Describe the soand-on-film method of recording. 

6. Why are motion picture cameras covered with sound proof en- 
closures when recording sound pictures? 

6. Describe the process of reproduction in the sound-on-disc sys- 
tem. 

7. How is synchronization accomplished and maintained between 
the motion picture projector mechanism and the sound disc 
in this syst''m? 

8. Describe the process of reproduction in the sound-on-film sys- 
tem. How is synchronization accomplished and maintained be- 
tween the picture on the film, and the sound track during repro- 
duction? 
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9. What is the function of the photoelectric cell in the sound-on* 
film reproducing system? Draw a simple schematic sketch 
showing the relation to the light source, lens system, slit, sound 
track on the film, amplifier and loud speakers, in the sound-on- 
disc reiproducing system. 

10. Describe the loud speakers used in sound picture reproduction. 
Where are they located, and how are they arranged? Give the 
reason for the particular location that is employed. 

11. How should splices be made in sound-film to avoid objectionable 
noises? 

12. Draw a sketch showing how the sound track on Movietone film 
appears. How are the darkness of the lines of the track, and 
the number of lines per inch, related to the sounds? 

13. Draw a sketch showing the sound track on the film used in the 
Photophone system. Explain what features of this sound track 
are responsible for the variations in frequency and the varia- 
tions in loudness of the sound produced. 

14. Draw a schematic sketch showing the light source, condensing 
lens, light valve, objective lens and film used in the recording 
of the sound track in sound-on-film pictures. Explain the func- 
tion of each part, and explain how the light valve operates. 

16. What is the difference in the recording methods used for re- 
cording the sound track in the studio, and those used in record- 
ing the sound track for news reels, travel pictures, etc.? 
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RADIO SYMBOLS 

The tremendous growth of the radio art has resulted in the invention 
of many new electrical devices unknown a few years ago. These, together 
with such well known things as coils, condensers, resistors, etc., make the 
total number of different parts used in radio receivers very large. 

In order to represent these pieces of equipment in their proper rela- 
tion in drawings and circuit diagrams, conventional graphical ssmibols 
have been devised. It is unfortunate that no absolute standardization of 
radio symbols has been accepted in radio work up to the present time 
(even though the R.M.A. has adopted a standard set of radio symbols) 
but the following chart contains most of the symbols which have become 
well known through more or less popular usage. In those cases where 
more.than .one symbol is commonly used for a piece of equipment, the 
several symbols are given. 

JThese symbols have been used throughout this book, so it would be 
well* for the reader to thoroughly acquaint himself with them, in order 
that he may quickly and thoroughly understand the diagrams. It must 
be remembered that radio transmitters and receivers are built up of many 
tomponent parts or units. So, the circuit diagrams are also built up by 
properly connecting up many of these symbols together. It is suggested 
that the reader select some circuit diagrams in this book and see if he can 
name all of the parts shown. Then he should attempt to re-draw the cir- 
cuits himself, using the proper symbols. This practice is very necessary 
in order to remember the symbols, and to become proficient in drawing 
and tracing out circuits for which no diagrams may be available. 

(See Chart on Next Page) 
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LETTER SYMBOLS AND ABBREVIATIONS 

In radio language there are many symbols and abbreviations (short- 
hand expressions) that make it convenient to express, otherwise long or 
cumbersome words in a rather short and simple manner. No one can do 
much in the way of studying radio or electrical diagrams, or reading tech- 
nical articles without first becoming familiar with the letter symbols and 
abbreviations in common use. Following is a list of those which have 
been adopted by the Radio Manufacturers Association (R. M. A.) in the 
United States. Some of these have international acceptance, some are 
used only in this country, and some have not been agreed upon generally 
in practice even in the United States. These abbreviations have been used 
throughout this book wherever possible, in order to further the cause of a 
standard simplified practice. 

Many of the abbreviations are given in lower-case letters. Where 
the original word would have been capitalized, the abbreviations should 
be similarly capitalized. A two- word adjective expression should contain 
a Jiyphen. The greek letter p is sometimes written as “mu”. 

These abbreviations are published here through the courtesy and co- 
operation of the Radio Manufacturers Association. 

Abbreviation, or 


Term letter-symbol. 

Alternating-current (adjective) a-c 

Alternating current - spell out. 

Ampere - - — a 

Antenna ant. 

Audio-frequency (adjective) - a-f 

Continuous waves - CW 

Cycles per second - - - ~ 

Decibel - — db 

Direct-current (adjective) - — d-c 

Direct-current - - spell out. 

Electromotive force - - -- e.m.f. 

Frequency - - - - - - f 

Ground - — — - - — Gnd. 

Henry - - h 

Intermediate-frequency (adjective) — - i-f 

Interrupted continuous waves — ICW 

Kilocycles (per second) - kc 

Kilowatt - — — kw 

Megohm M Q 

Microfarad - pf 

Microhenry Ijh 

Micromicrofarad (pico-farad) ppf 

(Continaad on D«zt page) 
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Term 


Abbreviation, or 
letter-symbol. 


Microvolt nv 

Microvolt per meter |iv/m 

Millivolt per meter mv/m 

Milliwatt mw 

Ohm - Q 

Power Factor p.f. 

Radio-Frequency (adjective) - r-f 

Volt v 


LETTER SYMBOLS— VACUUM TUBE NOTATION 

The accepted R. M. A. System of notation of terms used in connec- 
tion with vacuum tube nomenclature follows. The small letter “r” ‘'is 
used for resistance. Thus rp indicates the plate resistance of a vacuum 
tube. The letter p is called a subscript and states that “r” in this case is 
a particular resistance, namely, the resistance of the plate circuit of a 
vacuum tube. « 

In a similar manner, subscripts are used on the letters E, I, etc. de- 
noting voltages and currents, to form Ep, E,, Ef for the plate, grid and 
filament voltages of a vacuum tube, and Ip, I, and L to indicate the plate, 
grid, and filament currents. When current, voltage, and power vary with 
time, lower-case italics are used for instantaneous values, and capital 
italics for constant values.. The root-mean-square value is designated by*' 
capitals. The letter g is the symbol for conductance. Thus, the mutual 
conductance of a vacuum tube is g„. 


Quantity Symbol 

Grid potential E„ e. 

Grid current I„ i. 

Grid conductance g, 1 

Grid resistance r, = 

Grid bias voltage - E* g, 

Plate potential Ep, ep 

Plate current Ip, ip 

Plate conductance gp 1 

Plate resistance rp = 

Plate supplji voltage Ep gp 

Emission current I, 

Mutual conductance g,„ 
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Quantity 

Amplification factor 

Filament terminal voltage 

Filament current 

Filament supply voltage . 

Grid-plate capacity 

Grid-filament capacity 

Plate-filament capacity 

Grid capacity 

Plate capacity 

Filament capacity 


Symbol 






li(mu)= — 

Et gp 

If 

E, 

C„ 

Cpf 

Cpf 

Cc=Cfp+C|i 

Cp=C„+Cpf 

Cf=C|r|-Cpf 


Although at first glance the abbreviation system may look compli- 
cated, it is in reality a simple and logical system, and one with which it 
is important to be familiar. The majority of the symbols used in radio 
work belong to electrical terminology established years ago. They have 
bepn carried over to similar application in radio work. 



942 


RADIO PHYSICS COURSE 


APPENDIX C 

METRIC PREFIXES USED IN RADIO WORK 

It so happevs that many of the units used extensively in electrical 
work are either too small or too large for convenient expression or use in 
radio work. Instead of using large, cumbersome numbers to indicate the 
fractional or multiple parts of these units, it has become customary to make 
use of standard metric prefixes ahead of the standard units to simplify 
expressions and calculations involving these quantities. These metric pre- 
fixes are so commonly used in radio work that the service man should 
familiarize himself with them, so that he may become proficient in under- 
standing and using them. A list of these prefixes is given below: 


Prefix 

Abbreviation 

Meayiing 

deci 

d 

one-tenth part of 

centi 

c 

one hundredth part, of 

mil or ‘milli 

m 

one-thousandth part of 

micro 


one-millionth part of 

pica or micro-micro 

or mm 

one-millionth of a millionth part of 

deka 

dk 

10 times 

hekto 

h 

100 times ♦ 

kilo 

k 

1,000 times 

mega 

M 

1,000,000 times 


Thus, deci, means that the new unit is 0.1 of the standard unit. A 
decimeter is 0.1 of a meter. A milliampere is 0.001 of an ampere. A 
microhenry is 0.000001 of a henry. A microfarad is C.OOOOOl of a farad. 
Instead of saying that a condenser has a capacity of 0.00035 microfarads, 
we can say that it has a capacity of 350 micro-microfarads, etc. 

A centimeter of inductance is equal to 0.001 of a microhenry. This 
unit does not follow the general rule. 

The prefix deka means that the new unit is ten times the standard 
unit. The prefix kilo means that the new unit is 1,000 times the standard 
unit. Thus, one kilocycle equals 1,000 cycles. The prefix meg or mega 
means that the new unit is 1,000,000 times the original unit. Thus, one 
megohm equals 1,000,000 ohms, etc. 

The word microfarad used in general radio work as a unit of capaci- 
tance has several notations for its abbreviation now in common use. Ac- 
cording to the above list of prefixes, microfarad should be abbreviated pf 
but other notations such as mfd. and mf. are also firmly entrenched in the 
minds of radio men and are used extensively by condenser manufacturers 
for marking condensers. 


(Continued on next pai^e) 
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CONVERSION OF UNITS EXPRESSED WITH METRIC PREFIXES 

As it is often very difficult for persons inexperienced in the handling 
of mathematical computations to correctly convert from one form into 
another the various electrical units which are expressed with the common 
metric prefixes, the following factors for conversion hffve been arranged 
alphabetically here to assist the student in this work. 


Multiply 

By 

To Convert To : 

Amperes 

y 1,000,000,000,000 

X 1,000,000 

micromicroamperes 

Amperes 

microamperes 

Amperes 

X 1.000 

milliamperes 

Cycles 

X .000,001 

megacycles 

Cycles 

X .001 

kilocycles 

Farads 

X 1.000,000,000,000 

micromicrofarads or picofarads 

Farads 

X 1,000,000 

microfarads 

Farads 

X 1.000 

millifarads 

Henries 

X 1,000,000 

X 1.000 

microhenries 

Henries 

millihenries 

Horsepower 

X .7467 

kilowatts 

Horsepower 

X 746.7 

watts 

Kilocycles 

X 1.000 

cycles 

Kilovolts 

X 1,000 

volts 

Kilowatts 

X 1,000 

X 1.341 

watts 

Kilowatts 

horsepower 

Megacycles 

X 1,000,000 

cycles 

Mhos 

X 1,000,000 

micromhos 

Mhos • 

X 1,000 

millimhos 

Microamperes 

X .000,001 

amperes 

Microfarads 

X .000,001 

farads 

Microhenries 

X .000,001 

henrys 

*Micromhos 

X .000,001 

mhos 

Micro-ohms 

X .000,001 

ohms 

Microvolts 

X .000,001 

volts 

Microwatts 

X .000,001 

watts 

Micromicrofarads 

X .000,000,000,001 

X .000,000,000,001 

farads 

Micromicro-ohms 

ohms 

Milliamperes 

X .001 

amperes 

Millihenries 

X .001 

henrys 

Millimhos 

X .001 

mhos 

Milliohms 

X .001 

ohms 

Millivolts 

X .001 

volts 

Milliwatts 

X .001 

watts 

Ohms 

X 1,000,000,000,000 

micromicro-ohms 

Ohms 

X 1,000,000 

micro-ohms 

Ohms 

X 1,000 

milliohms 

Volts 

X 1,000,000 

microvolts 

Volts 

X 1,000 

millivolts 

Watts 

X 1.000,000 

microwatts 

Watts 

X 1.000 

milliwatts 

Watts 

X .001 

kilowatts 
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THE USE OF EXPONENTS IN CALCULATIONS 

It is very convenient to express very large or very small quantities 
by means of whole numbers with suitable exponents. For instance, the 
rather cumbersome number 350,000,000 may be written as 3.5 x 10®, which 
really means that 3.5 is multiplied by ten, eight times. The small number 
above, and to the side of the figure 10 is called the exponent. In this case 
the exponent is 8. Numbers less than 1 have negative exponents. Thus 
five ten-thousandths may be expressed in the following ways. 

5 5 

.0005 or 5x10 S or or . 

10,000 10 ® 

This representation is really a shorthand method of working with 
inconveniently large or small quantities, and the student should become 
thoroughly familiar with it, as it is used extensively in technical work. 
The table below will be found helpful in understanding how the proper 
exponent is found. 

1 = 10® = Units 

10 = 10' = Tens 

100 = 10* = Hundreds 

1,000 = 10* = Thousands (Kilo.) 

1,000,000 = 10® = Millions (Mega.) 

1 = 10® = Units 

.1 = 10* = Tenths 

.01 = 10* = Hundredths 

.001 = 10 * = Thousandths (Milli.) 

.000001 = 10 * = Millionths (Micro.) 

The rules dealing with these complicated looking figures are simple, 
and, when mastered, provide an exceptionally easy method of handling 
large numbers. The rules are as follows : 

When multiplying numbers, add the exponents. 

When dividing numbers, subtract the exponents. 

When squaring a number, double its exponent. 

When obtaining a square root, halve the exponent. 

When transfering an exponent across the dividing line, change its 

sign. 

Ettampl*'. Express the following quantities in simple numbers by the use of ex- 
ponento. (a) 342,000,000,000 lb) 9,663,000 (c) 0.0000084 (d) 0.000432. . 
Answerf. (a) 3.42X10“ (6) 9.663X10® (c) 8.4x10 « (d) 4.32X10 Ans. 
ExampU: 6.28X10'® electrons flowing past a given point in a second constitute a 

current of 1 ampere. How many electrons flow past a given point in a 

ssccnd when the number of amperes is (a) 600? (6) 0.002? 

Solutions: (a) 6.28Xl0'®X6Xl0*=37.68xl0*® or 3.768x10*'. Ans. 

(6) 6.28X10*®X2X10-®=12.66X10'» or 1.266x10'®. Ans. 
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SUMMARY OF FORMULAE COMMONLY USED IN RADIO WORK 

(Formula numbers refer to numbers used in text) 

Voltage, Current, Resistance 

Volts E 

Amperes= (1= — ) 

Ohms R 


Volts=AmperesxOhms (E=IxR) 
Volts E 

Ohms= (R= — ) 

Amperes I 

Power: Watts=Volts X Amperes (W=ExI) 
Watts=Volts squared divided by ohms 




Watts=Amperes squared X ohms (W=PR) 
kL 

Resistance : R= 


CM 

kL 


Resistance : R=- 


CM 


1^1 ± (ax t)J 


Resistances in Series: (all resistances in same units) 

**R is total resistance ; ri, r 2 , rs, etc., are individual resistances. 
R = ri + rz 4- r3 + etc. 

Resistances in Parallel : (all resistances must be in same units) 
1111 
— = — + — + — + etc. 

R ri rj r3 

” V-i 

— H h— +etc. 

ri rj r, 
m m^ 


d* 

L = 0.0261 d*nMK 
Capacity of a Condenser : 

2235 (N-1) Ak 
C= 


( 1 ) 

( 2 ) 

(3) 

(4) 
( 6 ) 
( 6 ) 

(7) 

( 8 ) 

(9) 

(10) 


( 11 ) 

( 12 ) 

(13) 


10>® t 

Capacity of Condensers in Parallel : (all capacities must be in same units) 
C=Ci-f"C2"t”<-d“|”Ctc. (14) 

Capacity of Condensers in Series : (all capacities must be in same units) 
1111 

— — 1 1 (- etc. 

C Ox C 2 Cs 


( 16 ) 
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or C=- 


111 
1 1 1- etc. 

Cl Ca 

Inductive reactance: Xi:,=2jifL (16) 

1 

Capacity reactance : Xc= (17) 

2nfC 

Impedance (Z) of A.C. Circuit Containing Inductance (L), Capacity (C) 
and Resistance (R). (frequency f) . 

(18) 


Z=VR*+X“ = VR*+ /2x3.1416xfXL — 


V 


E 


2x3.1416xfXC 


)■ 


1 = 


f = 


(19) 


\/R* + /2nf L- 


1 V 


27tfC 


2xVLC 

Frequency and Wavelength Relations for radio (not for sound) 

300,000,000 

Meters (wavelength) = 


Frequency (Cycles) = 


cycles 

300.000,000 


( 20 ) 

( 21 ) 
( 22 ) 
(23) 

meters (wavelength) 

Wavelength at which resonance in a series tuned circuit takes place with 
given inductance (L) and capacity (C) 

Meters (wavelength) = 1885 \/L (microhenries) X C 

(microfarads) (24) 

Meters (wavelength) = 1.885 \/L (microhenries) X C 

(micro-microfarads) (25) 
Frequency at which resonance takes place with given constants of induct- 
ance and capacity. 159,000 

Frequency (Cycles) = • - ■ (26) 


meters (wavelength) 
300,000 

Frequency (Kilocycles) = 


Frequency (Cycles) = 


VL (microhenries) X C (microfarads) 
159,000,000 


(27) 


VL (microhenries) X C (micro-microfarads) 
Inductance of a single-layer Inductor; L=0.0251 d* n® 1 K (28) 

* 282 

Loud Speaker Baffle length (in feet) = (29) 

frequency 
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WIRE TABLES 

In design, construction, or repair work on electrical or radio apparatus, 
it is very helpful to have at hand complete data on the various types of 
magnet wire used for winding inductors, transformers, loud speaker coils, 
etc. It is often very helpful to know just how many turns of wire of a 
certain size can be wound into a certain available space, what the resis- 
tance-per-foot, or the feet-per-ohm, of the wire is, etc. In the case of 
repair work, it is usually easy to rewind a damaged coil with wire of the 
same size and type as was on it previously, but when new apparatus is 
designed it is necessary to refer to tables of wire data for this information. 

The reader is urged to familiarize himself with the contents of these tables, 
for he will find that they will will prove to be real time-savers for him. 

TABLE NO. 1 

Thickness of Cotton and Silk Insulation 
ON Magnet Wise 


Wire 

Size 

Thickness of Insuletion in Mils 
(1 Mil =r .001 inch) 

BAS 

SfCtC* 

D.C.C. 


s.s.c. 

D.S.C. 

0000-6 

4.5 

9.0 

13.5 

1.0 

2.0 

6-7 

4.0 

8.0 

12.0 

1.0 

2.0 

8 

3.6 

7.0 

10.5 

1.0 

2.0 

9 

3.0 

6.0 

9.0 

1.0 

2.0 


2.5 

6.0 

7.5 

1.0 

2.0 

13-19 

2.26 

45 

7.76 

1.0 

2.0 


2.6 

4.5 

7.0 

1.0 

2.0 

14-16 

3.0 

6.0 

7.0 



16-18 

2.6 

4.0 








2.0 

4.0 






23-26 

2.0 

4.0 


i .~6 



2.0 

4.0 

6.6 

1.0 


26-28 

2.0 

4.0 


1.5 


29-34 

2.0 

4.0 



1.2 

2.6 

32-36 






1.76 

35-40 

2.6 

4.6 

— 

1.0 

2.0 


(Continued on next page) 
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BARE COPPER WIRE TABLE 

TABLE NO. 2 

Giving Measurements at 68* F. (20* C.) with Specific Gravity of 8.89 

(Brown A Sharpe) 


A. W. G. 

B. A S. 
Gauge 

Diameter 

Inches 

• 

Area 

Circular 

Mils 

Weight 
Pounds 
per 1000 
Feet 

0000 

0.4600 

211,600. 

640.5 

000 

0.4096 

167,800. 

607.9 

00 

0.3648 

133,100. 

402.8 

0 

0.3249 

106,600. 

319.6 

1 

0.2893 

83,690. 

263.3 

2 

0.2576 

66,370. 

200.9 

3 

0.2294 

62,630. 

169.3 

4 

0.2043 

41,740. 

126.4 

5 

0.1819 

33,100. 

100.2 

6 

0.1620 

26,260. 

79.46 

7 

0.1443 

20,820. 

63.02 

8 

0.1285 

16,610. 

49.98 

9 

0.1144 

13,090. 

39.63 

10 

0.1019 

10,380. 

31.43 

11 

0.09074 

8,234. 

24.92 

12 

0.08081 

6,630. 

19.77 

13 

0.07196 

6,178. 

15.68 

14 

0.06408 

4,107. 

12.43 

15 

0.05707 

3,267. 

9.868 

16 

0.05082 

2,683. 

7.818 

17 

0.04626 

2,048. 

6.200 

18 

0.04030 

1,624. 

4.917 

19 

0.03589 

1,288. 

3.899 

20 

0.03196 

1,022. 

3.092 

21 

0.02846 

810.1 

! 2.462 

22 

0.02635 

642.4 

: 1.946 

23 

0.02267 

1 509.6 

I 1.642 

24 

0.02010 

404.0 

' 1.223 

25 

0.01790 

320.4 

0.9699 

26 

0.01694 

254.1 

0.7692 

27 

0.01420 

201.6 

0.6100 

28 

0.01264 

! 169.8 

0,4837 

29 

0.01126 

126.7 

0.3836 

30 

0.01003 

100.6 

0.3042 

31 

0.008928 

79.70 

0.2413 

32 

0.007960 

63.21 

0.1913 

33 

0.007080 

60.13 

0.1617 

34 

0.006305 

39.75 

0.1203 

35 

0.006615 

31.52 

0.09642 

36 

0.006000 

26.00 

0.07668 

37 

0.004463 

19.83 

0.0601 

38 

0.003966 

16.72 

0.04769 

39 

0.003631 

12.47 

0.03774 

40 

0.003145 

9.888 

0.02990 

41 

0.00276 

7.6626 

0.02289 

42 

0.00260 

6.2500 

0.01892 

43 

0.00226 

6.0625 

0.01632 

44 

0.00200 

4.0000 

0.01211 

45 

0.001fir6 

3.0626 

0.00927 

46 

0.00160 

2.2500 

0.00681 


Length 

Feet per 
Pound 

RESISTANCE 

Ohms per 
1000 Feet 

Ohms per 
Pound 

1.661 

0.04901 

.00007652 

1.969 

.06180 

.0001217 

2.483 

.07793 

.0001936 

3.130 

.09827 

.0003076 

3.948 

.1239 

.0004891 

4.978 

.1663 

.0007778 

6.276 

.1970 

.001237 

7.911 

.2486 

.001966 

9.980 

.3133 

.003127 

12.58 

.3951 

.004972 

15.87 

.4982 

.007906 

20.01 

.6282 

.01267 

25.23 

.7921 

.01999 

31.82 

.9989 

.03178 

40.13 

1.260 

.05063 

50.68 

1.688 

.08036 

63.77 

2.003 

.1278 

80.45 

2.525 

.2032 

101.4 

3.184 

.3230 

127.9 

4.016 

.5136 

161.3 

6.064 

.8167 

203.4 

6.386 

1.299 

265.6 

8.051 

2.065 

323.4 

10.15 

3.283 

407.8 

12.80 

6.221 

614.1 

: 16.14 

; 8.301 

648.6 

20.36 

13.20 

817.7 

25.67 

20.99 

1,031. 

32.37 

33.37 

1,300. 

40.81 

63.06 

1,639. 

61.47 

84.37 

2,067. 

64.90 

134.2 

2,606. 

81.83 

213.3 

3,287. 

103.2 1 

329.2 

4,144. 

130.1 1 

639.3 

6,227. 

164.1 i 

857.6 

6,691. 

206.9 

1,364. 

8,312. 

260.9 

, 2,168. 

10,480. 

329.0 

3,448. 

13,213. 

414.8 

6,482. 

16,664. 

623.1 

8,717. 

21,012. 

659.6 

13,860. 

26,497. 

831.8 

22,040. 

33,411. 

1049. 

35,040. 

43,700. 

1370. 

69,900. 

52,800. 

1660. 

87,700. 

65,300. 

2060. 

133,700. 

82,600. 

2600. 

214,000. 

107,900. 

3390. 

366.200. 

146,800. 

4610. 

676,800. 


Note: A mil is 1/1000 (one-thousandth) of an inch 
Dia..in mils equals dia. in inches y 1000 
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PROPERTIES OF METALS 

The following table, which is published here through the courtesy of 
the United States Bureau of Standards, gives several of the important 
physical and electrical characteristics of the commoip metals and alloys 
used in industry. For instance, a glance at the column of temperature 
coefficients of resistance shows that the alloys Therlo, Constantin, and 
Manganin have the lowest values (.00001) . It is for this reason that they 
are used for shunts and resistances in electrical instruments and for pre- 
cision resistors, in which it is necessary that the resistance value remain 
absolutely constant even though the temperature change slightly due to 
weather changes or to the heat developed by the electric current flowing 
through them. 

A glance at the column of melting points reveals that tungsten has the 
highest melting point (3000* C.). That is why tungsten is used for the 
filaments of vacuum tubes and incandescent lamps. Many other interest- 
ing facts can be found from a study of this table of the properties of metals. 

(See table on next page) 
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PROPERTIES OP METALS 


Metal 

Temperature 
coefficient 
at 20* C 

Specific 

gravity 

Tensile 

strength 

lb8./in.3 

Melting 

point, 

•c 

Advance. See Constantin 





Aluminum 

0.0039 

2.70 

30,000 

659 

Antimony 

.0036 

6.6 


630 


.004 

9.8 


271 

Brass - — 

.002 

8.6 

70,000 

900 

Cadmium 

.0038 

8.6 


321 

Calido. See Nichrome. 



Climax 

.0007 

8.1 

150,000 

1250 

Constantin 

.00001 

8.9 

120,000 

1190 

Copper, annealed 

.00393 

8.89 

30,000 

1083 

Copper, hard-drawn 

.00382 

8.89 

60,000 


Eureka. See Constantin 


Excello 

.00016 

8.9 

95,000 

1500 

German silver, (18% nickel) .... 

.0004 

8.4 

150,000 

1100 

German silver, (30% nickel) .... 





See Constantin. 





Gold 

.00342 

19.3 

20,000 

1068 

la la. See Constantin. 





Ideal. See Constantin. 





Iron, 99.98 per cent pure 

.0050 

7.8 


1580 

Iron. Sm Steel. 





Lead ... _ . „ .... 

.0089 

11.4 

3,000 

327 

Mairnesium 

.004 

1.74 

88,000 

661 

Man^anin - - 

.00001 

8.4 

160,000 

910 

Mercury 

.00089 

13.546 

0 

—38.9 

Molybdenum, drawn 

.004 

9.0 


2600 

Monel metal 

.0020 

8.9 

160,000 

1800 

Nichrome 

.0004 

8.2 

150,000 

1600 

Nickel - 

.006 

8.9 

120,000 

1462 

Palladium 

.0088 

12.2 

39,000 

1660 

Phosphor bronze - 

.0018 

8.9 

25,000 

760 

Platinum 

.003 

21.4 

50,000 

1766 

Silver 

.0088 

10.5 

42,000 

960 

Steel, E. B. B. 

.006 

7.7 

53,000 

1610 

Steel, B: B 

.004 

7.7 

58,000 

1610 

Steel, Siemens-Martin 

.003 

7.7 

100,000 

1610 

Steel, manganese - 

.001 

7.5 

230,000 

1260 

Superior. See Climax 





Tantalum - 

.0031 

16.6 


2860 

Therlo - 

.00001 

8.2 



Tin - - - 

.0042 

7.3 

4,000 

"232 “ 

Tungsten, drawn — 

.0045 

19 

500,000 

3000 

Zinc 

.0037 

7.1 

10,000 

419 


Note: See also the tables in Arts. 27, 29 and 48. 
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DRILL & TAP SIZES 

construction of radio and electrical equipment, it is necessary to 
OTill and tep holes in various kinds of metals and insulating materials for 
the machine screws which hold the parts together. Various sizes of 
machine screws are used in radio work, the most comnjon being the 6x32 
(number 6 screw with 32 threads per inch) , and the 8x32. The following 
table shows the screw numbers, the number of threads per inch, their 
diameter, and the drills to be used in making holes either for threading 
(tapping) or for allowing the screw to slide through the hole freely (clear- 
ance) . Thus, to tap a hole for a 6x32 screw, first drill the hole with a No. 
36 drill. Then tap it with a 6x32 tap. To drill a clearance hole through 
which a 6x32 screw will slide freely, use the No. 28 clearance size drill 
All metal drilling should be done with round twdst drills which are 
obtainable in the sizes designated by numbers as in the table. When drill- 
ing brass, aluminum and cast iron, no lubricant is used. When drilling 
steel, the drill should be lubricated with light machine oil as it enters 
the hole. 

• Insulating materials such as Bakelite, Formica, Celoron, hard rubber, 
fibre, etc. should be drilled with the point of the drill ground to the usual 
sixty degree angle but with the front edge of the cutting edge ground 
straight or flat to remove the hook. Speeds up to 1500 R. P. M. may be 
use(l and the drill may be left dry, or lubricated with lard oil or light 
machine ofl. Insulating materials of this kind are rather hard on the 
drills and dull the points quickly. When the drill comes through the hole 
in the back it is advisable to hold a block of scrap wood solidly against the 
surface to prevent the material chipping or breaking through around the 
edges. 

Taps are used for cutting threads on the inside of holes. Dies are for 
•threading the outside of rods or screws. The first part of each tap or die 
number indicates the gauge number of the rod stock from which the screws 
were cut, or the gauge number of the rod to be threaded, respectively. 
The second part of each number indicates the number of threads per inch. 

Sizes of Tap* and Clearance Drills 


garM0 

No. 

Th^ig 

For 

Jnik 

Tap 

SiMO 

DrOi Numhor' \ 

Serov 

No. 

Th’do 

For 

Inch 

Tap 

SiMO 

DM Nvmhir \ 

For Tap 

OUar- 

aneo 

For Tap 

Oloar- 

aneo 

2 

48 

2x48 

No. 60 

No. 44 

8 

24 

8x24 

30 

17 

2 

66 

2x66 

60 

44 

8 

32 

8x82 

29 

19 

2 

64 

2x64 

50 

44 

10 

24 

10x24 

26 

10 

3 

40 

3x40 

47 

39 

10 

30 

10x30 

22 

10 

3 

48 

3x48 j 

47 

39 

10 

32 

10x82 

21 

10 

3 

66 

3x66 

46 

39 

12 

20 

12x20 

19 

2 

4 

32 

4x3'' 

46 

31 

12 

24 

12x24 

16 

2 

4 

36 

4x36 

44 

31 

12 

28 

12x28 

14 

2 

4 

40 

4x40 

43 

31 

14 

20 

14x20 

10 

hi 

6 

32 

6x82 

36 

28 

14 

24 i 

14x24 

7 

hi 

6 

36 

6x36 

34 

Z|ll , 




• 


*Note: These are the drill sires for averag^e use. The size drill to use 
really varies somewhat with the material being drilled. 
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APPENDIX I 

INDUCTANCE X CAPACITANCE (LC) VALVES 

The formula for determininsr the frequency to which any circuit con- 
taining inductance and capacity will tune is: 

159 000 

/— _1__ — or, Wavelength=lSS5 \/LxC 

VLXC 

where, /=the frequency in cycles per second 

L=the inductance of the coil in microhenries 
C=the capacity of the entire circuit in microfarads. 

The product of the inductance L and the capacity C of the circuit 
determines the frequency at which the circuit is resonant or in “tune”. 
For each frequency there is a definite value of this product (called the 
inductance-capacity product, or the “LxC" value) for which resonance 
occurs. If this value is known, it is possible to determine the correct 
amount of inductance required for use with any value of capacity, or the 
correct amount of capacity for use with any value of inductance, to pro- 
duce resonance at that frequency. The LxC value is divided by the known 
capacity, or the known inductance, the quotient of the division being the 
required inductance or capacitance. Thus: 

LxC value ^ Lx C value 

Inductance= Capacity=— — — 

capacity inductance 

The following table gives the inductance-capacity values necessary to 
produce resonance at frequencies from 1 to 39,000 meters. The inductance 
is in microhenries, the capacity is in microfarads, and n is the frequency 
in cycles per second. 

As examples of the use of this table, let it be desired to find the required induct- 
ance of a coil to tune to a frequency of 600 kilocycles (500 meters) with a tuning con- 
denser of 0.00035 microfarads maximum capacity. From the table, thcf Ly^C value 
for this frequency is found to be 0.0704. Dividing this value by the capacity (0.00035) 
gives the result, 201 microhenries of inductance. 

Let is be desired to find the required capacity of this tuning condenser to tune 
to the frequency of 1500 kilocycles (200 meters) with the above coil of 201 micro- 
henries inductance. The LyC value for this frequency is found from the table to be 
0.01126. Dividing this by the inductance (201) gives as a result 0.000055 microfarads 
for the minimum capacity. The tuning condenser must then have a range of capaci- 
tance from 0.000055 to 0.00035 microfarads to cover this frequency range with this 
inductor. Any other coil and condenser combination may be calculated in this same way. 

Looking at the table we note that, as the frequency decreases, the 
LxU constant increases. If we divide the frequency by 10, the LxC con- 
stant must be multiplied by 100. This must be kept in mind if values be- 
yond the ranges of the table are to be determined. For instance, if we 
wish to determine the LxC constant for 2 kc (2,000 cycles), we look up 
the value for (2,000,000 cycles on the table) and move the decimal point 
six places to the right; 6330 is the correct constant. If it is desired to 
check the results, remember that resonance occurs when the inductive re- 
actance is equal to the capacitive reactance. The frequency at which this 
occurs is the resonance frequency. 
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RELATION BETWEEN WAVELENGTH IN METERS. FREQUENCY IN KILOCYCLES, 
AND THE PRODUCT OP INDUCTANCE IN MICROHENRIES. AND CAPACITY IN 
MICROFARADS. REQUIRED TO PRODUCE RESONANCE AT THESE CORRESPONDING 
FREQUENCIES OR WAVELENGTHS. 

(L X C CONSTANT) 


W.L. in 
Meters 

f in Kc. 

L X C 

W.L. in 
Meters 

f in Kc. 

LxC 

W.L. in 
Meters 

/ in Kc. 

LxC 

1 

300,000 

0.0000003 

450 

667 

0.0670 

740 

406 

0.1641 

2 

160,000 

0.0000111 

460 

652 

0.0696 

746 

403 

0.1662 

3 

100,000 

0.0000018 

470 

639 

0.0622 

760 

400 

0.1683 

4 

75,000 

0.0000046 

480 

625 

0.0649 

766 

397 

0.1604 

5 

60,000 

0.0000067 

490 

612 

0.0676 

760 

395 

0.1626 

6 

60,000 

0.0000101 

500 

600 

0.0704 

766 

392 

0.1647 

7 

42,900 

0.0000138 

505 

594 

0.0718 

770 

390 

0.1669 

8 

37,500 

0.0000180 

510 

688 

0.0732 

776 

387 

0.1690 

9 

33,333 

0.0000228 

515 

583 

0.0747 

780 

385 

0.1712 

10 

30,000 

0.0000282 

520 

677 

0.0761 

786 

382 

0.1734 

20 

16,000 

0.0001129 

525 

672 

0.0776 

790 

380 

0.1766 

30 

10,000 

0.0002630 

530 

566 

0.0791 

796 

377 

0.1779 

40 

7.500 

0.0004600 

535 

561 

0.0806 

800 

375 

0.1801 

50 

6.000 

0.0007040 

540 

556 

0.0821 

805 

373 

0.1824 

60 

5,000 

0.0010140 

545 

551 

0.0836 

810 

370 

0.1847 

70 

4.290 

0.0013780 

550 

546 

0.0862 

815 

368 

0.1870 

80 

3.750 

0.0018010 

555 

541 

0.0867 

820 

366 

0.1893 

90 

3.333 

0.0022800 

560 

536 

0.0883 

825 

364 

0.1916 

100 

3.000 

0.00282 

565 

531 

0.0899 

830 

361 

0.1939 

110 

2,727 

0.00341 

570 

527 

0.0915 

835 

359 

0.1962 

120 

2,500 

0.00405 

575 

522 

0.0931 

840 

367 

0.1986 

130 

2,308 

0.00476 

580 

517 

0.0947 

845 

355 

0.201 

140 

2,143 

0.00662 

585 

513 

0.0963 

850 

363 

0.208 

150 

2,000 

0.00633 

590 

509 

0.0980 

855 

351 

0.206 

160 

1.875 

0.00721 

595 

504 

0.0996 

860 

349 

0.208 

•170 

1,764 

0,00813 

600 

500 

0.1013 

865 

347 

0.211 

180 ! 

1,667 

0.00912 

605 

496 

0.1030 

870 

345 

0.213 

190 

1,579 

0.01015 

610 

492 

0.1047 

876 

343 

0.216 

200 

1.500 

0.01126 

615 

488 

0.1065 1 

880 

341 

0.218 

210 

1,429 

0.01241 

620 

484 

0.1082 

885 

339 

0.220 

220 

1.364 

0.01362 

625 

480 

0.1100 

890 

337 

0.223 

230 

1.304 

0.01489 

630 

476 

0.1117 

895 

336 

0.226 

240 

1,250 

0.01621 

635 

472 

0.1135 

900 

333 

0.228 

250 

1,200 

0.01759 

640 

469 

0.1153 

905 

331 

0.231 

260 

1,154 

0.01903 

645 

465 

o:ii7i 

910 

330 

0.233 

270 

1,111 

0.0205 

650 

462 

0.1189 

915 

328 

0.236 

280 

1,071 

0.0221 

655 

458 

0.1208 

920 

326 

0.238 

290 

1,034 

0.0237 

660 

455 

0.1226 

925 

324 

0.241 

300 

1,000 

0.0253 

665 

451 

0.1245 

930 

823 

0.243 

310 

968 

0.0270 

670 

448 

0.1264 

935 

821 

0.246 

320 

938 

0.0288 

675 

444 

0.1283 

940 

319 

0.249 

330 

909 

0.0306 

680 

441 

0.1302 

945 

317 

0.261 

340 

883 

0.0325 

685 

438 

0.1321 

950 

316 

0.264 

350 

857 

0.0345 

690 

435 

0.1340 

955 

314 

0.267 

360 

834 

0.0365 

695 

432 

0.1360 

960 

313 

0.269 

370 

811 

0.0385 

700 

429 

0.1379 

965 

311 

0.262 

380 

790 

0.0406 

705 

426 

0.1399 

970 

309 

0.266 

390 

769 

O.i \2S 

710 

423 

0.1419 

976 

308 

0.268 

400 

750 

0.0450 

715 

420 

0.1439 

980 

306 

0.270 

410 

732 

0.0473 

720 

417 

0.1459 

986 

306 

0.273 

420 

715 

0.0496 

725 

414 

0.1479 

990 

• 303 

0.276 

430 

i 698 

0.0520 

730 

411 

0.1500 

996 

302 

0.279 

440 

1 682 

0.0545 

736 

408 

0.1621 

1000 

300 

0.282 



954 


RADIO PHYSICS COURSE 


APPENDIX J 

WAVELENGTH — FREQUENCY CHANNEL CHART 

Radio engineer? started so long ago to think and calculate in terms of 
wavelength (meters) that no one remembers just why they started that 
way. Today, however, with the governments of all countries allocating 
transmitting stations by deiinite frequency separations (in kilocycles), it 
is much more convenient and accurate to work in terms of frequency. 

Unfortunately, this new habit is not easy to acquire, because the 
kilocycle difference per wavelength is very great at short wavelengths 
(that is, below about 50 meters), and very small at the usual broadcast 
wavelengths, between 200 and 550 meters. 

The relation between frequency and wavelength is this: radio wave 
disturbances are propagated at the same speed as light, approximately 
300,000,000 meters per second. This corresponds to about 186,000 miles 
per second. If the wavelength of a particular transmitting station, for 
instance, is 100 meters, each wave travels 100 meters before the next one 
starts. Therefore, during one second there is time for 300,000,000 -f- 100 
= 3,000,000 such waves. Consequently the frequency is 3,000,000 cycles. 

„ , 300 , 000,000 

Frequency (cycle* per sec.)= Wa''velen);ih (in meters) 

« • 

In general, the frequency as expressed in cycles is a large and un- 
wieldy number, so radio engineers use the term “kilocycle," which stands 
for one thousand cycles. Thus, instead of saying 1,000,000 cycles (equiva- 
lent to 300 meters), we say 1,000 kilocycles. The term is usually abbre- 
viated into the letters “kc." On the very short wavelengths, the frequency 
runs up into several million cycles, so the term “megacycles,” meaning ' 
one million cycles, is frequently found to be more convenient than “kilo- 
cycles”. 

Nowadays, we work in terms of frequency rather than wavelength, 
because it has been found that a uniform 10-kilocycle separation between 
stations is enough to prevent the transmitters from causing inter- 
ference with each other in selective receiving sets. There is no way of 
expressing this separation as a uniform quantity in terms of wavelength. 
For example, the difference between 590 to 600 meters is approximately 
10 kilocycles, while the difference between 10 meters and 20 meters is 
15,000 kilocycles. 

The chart on a following page discloses one very interesting fact 
that many people do not appreciate. ‘If we take the range from 200 to 500 
meters, for broadcasting, we find it equal to a band 900 kilocycles wide. 
This means it is big enough to accommodate ninety transmitting bands or 
“channels” each 10 kilocycles wide. In the space between 10 meters and 
200 meters (a band only 190 meters wide compared to 300 meters for the 
200-600 range) there is a frequency difference of 28,600 kilocycles, which 
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will give us 2,860 ten-kilocycle channels. In other words, between 10 and 
200 meters there is room for 32 times as many broadcasting stations as 
between 200 and 600 meters. There is room for even a greater number of 
code stations, since they do not require as much frequency separation as 
broadcasting stations. When we consider this, we realize why short waves 
have assumed such a tremendous commercial importance, with many dif- 
ferent communication companies asking for more channels than there are 
available. 

Even though you are not in the habit of thinking in terms of fre- 
quency, when you read that the band between 6,000 and 6,160 kilocycles is 
reserved for shortwave broadcasting you can look at the chart, find 6,000 
kc., and, following the line from left to right, see that this refers to a space 
between 60 meters and about 61 meters. Then you will realize that, al- 
though the wavelength separation is only one meter, the band has fifteen 
10-kilocycle bands, or room for one-sixth as many stations as can operate 
between 200 and 600 meters. 

Again, the band between 28,000 and 30,000 kc. has been assigned to 
amateurs and experimenters. Here is a separation of only .7 meters, yet 
there are two hundred lOkc. bands in what appears to be a very small 
wavelength range. 


(See following page for Chart) 
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KILOCYCLE — METER CONVERSION TABLE 

There is an increasinj^ tendency in radio practice to think and deal 
with radio waves in terms of frequencies in kilocycles rather than wave- 
lengths in meters. “Kilo” means a thousand, and “cycle” means one com- 
plete alternation. The number of kilocycles (abbreviated kc.) indicates 
the number of thousands of times that the rapidly alternating current in 
the antenna repeats its flow in either direction in one second. The smaller 
is the wave length in meters, the larger is the frequency in kilocycles. The 
numerical relation between the two is given by the following rule. For 
approximate calculation, to obtain kilocycles divide 300,000 by the number 
of meters, and to obtain meters divide 300,000 by the number of kilocycles. 
For example, 100 meters equals approximately 3,000 kilocycles, 300 m 
equals 1,000 kc, 1,000 m equals 300 kc, 3,000 m equals 100 kc. For very 
accurate conversion, the factor 299,820 is used instead of 300,000. This 
rule is based on the fact that wave length is equal to velocity divided by 
frequency, and the velocity of radio waves in space according to the best 
data available is 299,820,000 meters per second. 

This table gives accurate values of kilocycles corresponding to any 
number of meters, and vice versa. It is based on the factor 299,820, and 
gives values for every 10 kilocycles or meters. It should be particularly 
noticed that the table is entirely reversible. For example, 50 kilocycles is 
5,996 meters, and also, 50 meters is 5,996 kilocycles. The range of the 
table is easily extended by shifting the decimal point ; the shift is in oppo- 
sitcT directions for each pair of values ; for example, one cannot And 223 in 
the first column, but its equivalent is obtained by finding later in the table 
that 2,230 kilocycles or meters is equivalent to 1,344 meters or kilocycles. 

It is suggested that the student make frequent use of this table, to 
accustom himself as quickly as possible to use of the term “kilocycles” in 
referring to frequencies of stations, although wavelengths or correspond- 
ing frequencies can be calculated by the formulas given elsewhere in this 
book. The use of this table makes the rather laborious calculations un- 
necessary and insures accuracy of results. The table is reproduced here 
by the courtesy of the Bureau of Standards. 


(See next page for Table) 
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Kilocycles (kc) to Meters (m) , or Meters to Kilocycles 
( Cont’d) [Columns Are Interchangeable] 


ke or m m or ko 

2,610 119.5 

2,520 119.0 

2,630 118.6 

2,640 118.0 

2,650 117.6 

2.660 117.1 

2,670 116.7 

2,680 116.2 

2,690 116.8 

2,600 116.3 

2,610 114.9 

2,620 114.4 

2,630 114.0 

2,640 113.6 

2.660 113.1 

2.660 112.7 

2,670 112.3 

2.680 111.9 

2,690 111.6 

2,700 111.0 

2,710 110.6 

2,720 110.2 

2,730 f09.8 

2,740 109.4 

2,760 109.0 

2,^60 108.6 

2,770 108.2 

2,780 107.8 

2,790 107.6 

2,800 107.1 

2,810 106.7 

2,820 106.3 

2,830 106.9 

2,840 106.6 

2,850 106.2 

2,860 104.8 

2,870 104.6 

2,880 104.1 

2,890 103.7 

2,900 103.4 

2,910 103.0 

2,920 102.7 

2,930 102.3 

2,940 102.0 

2,960 101.6 

2,960 101.3 

2,970 100.9 

2,980 100.6 

2,990 100.3 

3,000 99.941 


k« or m m rr ke 

3,010 99.61 

3,020 99.28 

3,030 98.95 

3,040 98.62 

3,060 98.30 

3,060 97.98 

3,070 97.66 

3,080 97.34 

3,090 97.03 

3,100 96.72 

3,110 96.41 

3,120 96.10 

3,130 95.79 

3,140 95.48 

3,160 96.18 

3,160 94.88 

3,170 94.58 

3,180 94.28 

3,190 93.99 

3,200 93.69 

3,210 93.40 

3,220 93.11 

3,230 92.82 

3,240 92.64 

3,260 92.26 

3,260 91.97 

3,270 91.69 

3,280 91.41 

3,290 91.13 

3,300 90.86 

3,310 90.68 

3,320 90.31 

3,330 90.04 

3,340 89.77 

3,360 89.50 

3,360 89.23 

3,370 88.97 

3,380 88.70 

3,390 88.44 

3,400 88.18 

3,410 87.92 

3,420 87.67 

3,430 87.41 

3,440 87.16 

3,460 86.90 

3,460 96.66 

3,470 86.40 

3.480 86.16 

3,490 86.91 

3,600 86.66 


kc or m 

m or kc 

3,510 

85.42 

3,520 

85.18 

3,530 

84.94 

3,540 

84.70 

3,550 

84.46 

3,560 

84.22 

3,570 

83.98 

3,580 

83.75 

3,590 

83.52 

3,600 

83.28 

3,610 

83.05 

3,620 

82.82 

3,630 

82.60 

3,640 

82.37 

3,650 

82.14 

3,660 

81.92 

3,670 

81.70 

3,680 

81.47 

3,690 

81.25 

3,700 

81.03 

3,710 

80.81 

3,720 

80.60 

3,730 

80.38 

3,740 

80.17 

3,750 

79.95 

3,760 

79.74 

3,770 

79.53 

3,780 

79.32 

3,790 

79.11 

3,800 

78.90 

3,810 

78.69 

3,820 

78.49 

3,830 

78.28 

3,840 

78.08 

3,850 

77.88 

3,860 

77.67 

3,870 

77.47 

3,880 

77.27 

3,890 

77.07 

3,900 

76.88 

3,910 

76.68 

3,920 

76.48 

3,930 

76.29 

3,940 

76.10 

3,950 

76.90 

3,960 

75.61 

3,970 

76.62 

3,980 

75.33 

3,990 

75.14 

4,000 

74.96 


ke or m 

m or ke 

4,010 

74.77 

4,020 

•74.58 

4,030 

74.40 

4,040 

74.21 

4,050 

74.03 

4,060 

73.85 

4,070 

73.67 

4,080 

73.49 

4,090 

73.31 

4,100 

73.13 

4,110 

72.95 

4,120 

72.77 

4,130 

72.60 

4,140 

72.42 

4,160 

72.25 

4,160 

72.07 

4,170 

71.90 

4,180 

71.73 

4,190 

71.66 

4,200 

71.30 

4,210 

71.22 

4,220 

71.06 

4,230 

70.88 

4,240 

70.71 

4,250 

70.55 

4,260 

70.38 

4,270 

70.22 

4,280 

70.06 

4,290 

69.89 

4,300 

69.73 

4,310 

69.56 

4,320 

69.40 

4,330 

69.24 

4,340 

69.08 

4,350 

68.92 

4,360 

68.77 

4,370 

68.61 

4,380 

68.45 

4,390 

68.30 

4,400 

68.14 

4,410 

67.99 

4,420 

67.83 

4,430 

67.68 

4,440 

67.63 

4,460 

67.38 

4,460 

67.22 

4,470 

67.07 

4,480 

66.92 

4,490 

66.78 

4,500 

66.63 


kc or m 

m or ke 

4,510 

66.48 

4,520 

66.33 

4,530 

66.19 

4,640 

66.04 

4,550 

65.89 

4,560 

66.75 

4,670 

65.61 

4,580 

65.46 

4,590 

65.32 

4,600 

65.18 

4,610 

65.04 

4,620 

64.90 

4,630 

64.76 

4,640 

64.62 

4,650 

64.48 

4,660 

64.34 

4,670 

64.20 

4,680 

64.06 

4,690 

63.93 

4,700 

63.79 

4,710 

63.66 

4,720 

63.52 

4,730 

63.39 

4,740 

63.25 

4,750 

63.12 

4,760 

62.99 

4,770 

62.86 

4,780 

62.72 

4,790 

62.59 

4,800 

62.46 

4,810 

62.33 

4,820 

62.20 

4,830 

62.07 

4,840 

61.95 

4,860 

61.82 

4,860 

61.69 

4,870 

61.56 

4,880 

61.44 

4,890 

61.31 

4,900 

61.19 

4,910 

61.06 

4,920 

60.94 

4,930 

60.82 

4,940 

60.69 

4,950 

-60.57 

4,960 

60.45 

•4,970 

60.33 

4,980 

60.20 

4,990 

60.08 

6,000 

59.96 
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k« or M m or ko ko or m m or kc kc oi m 

6,010 69.84 6,610 64.41 6,010 

6,020 69.73 6,620 64.32 6,020 

6,030 69.61 6,630 64.22 6,030 

6,040 69.49 6,640 64.12 6.040 

6,060 69.37 6,650 54.02 6,050 

6,060 59.26 6,560 63.92 6,060 

6,070 69.13 5,570 53.83 6,070 

6,080 69.02 5,580 53.73 6,080 

6,090 58.90 5,590 63.64 6,090 

6,100 68.79 5,600 53.54 6,100 

6,110 68.67 5,610 63.44 6,110 

5,120 68.56 5,620 53.35 6,120 

6,130 68.44 5,630 53.25 6,130 

6,140 68.33 6,640 53.16 6.140 

6,160 68.22 5,650 53.07 6,160 

6,160 68.10 6,660 52.97 6,160 

6,170 67.99 6,670 62.88 6,170 

6,180 67.88 6,680 62.79 6,180 

6,190 67.77 6,690 62.69 6,190 

6,200 67.66 5,700 52.60 6,200 

6,210 67.66 6,710 62.61 6.210 

6,220 67.44 6.720 62.42 6,220 

6,230 67.33 6,730 52.32 6,230 

6,240 67.22 6,740 62.23 6.240 

6,260 67.11 6,760 52.14 6,250 

6,260 67.00 6.760 62.06 6,260 

6,270 66.89 5,770 61.96 6,270 

6,280 66.78 6.780 61.87 6,280 

6,290 66.68 5.790 61.78 6.290 

6,300 66.67 6,800 51.69 6.300 

6,310 66.46 6,810 51.60 6.310 

6,320 66.36 5,820 51.62 6.320 

6,330 56.26 5.830 51.43 6,330 

6,340 56.16 5,840 51.34 6.340 

6,360 66.04 5.850 51.26 6.350 

6,360 65.94 5,860 51.16 6.360 

6,870 65.83 5,870 61.08 6.370 

6,380 56.73 5.880 50.99 6.380 

6,390 56.63 5,890 50.90 6.390 

6,400 65.62 5,900 50.82 6,400 

6,410 56.42 5,910 60.73 6.410 

6,420 66.32 6.920 60.65 6,420 

6,430 56.22 6,930 60.66 6.430 

6,440 56.11 6,940 60.47 6,440 

6,450 66.01 6,960 50.39 6,450 

6,460 64.91 5.960 50.31 6,460 

6,470 64.181 6,970 60.22 6,470 

6,480 64.71 6,980 60.14 6,480 

6,490 64.61 6,990 60.06 6.490 

6.600 64.61 6.000 49.97 6.600 


m or kt kc or m m or kc ko or m m or ko 

49.89 6,510 46.06 7,010 42.77 

49.80 6,620 46.98 7,020 42.71 

49.72 6,530 45.91 7,030 42.66 

49.64 6,640 45.84 7,040 42.69 

49.66 6,550 46.77 7,060 42.63 

49.48 6,660 46.70 7,060 42.47 

49.39 6,670 46.63 7,070 42.41 

49.31 6,580 45.67 7,080 42.36 

49.23 6,590 46.50 7,090 42.29 

49.15 6,600 45.43 7,100 42.23 

49.07 6,610 46.36 7,110 42.17 

48.99 6,620 46.29 7,120 42,11 

48.91 6,630 46.22 7,130 42.06 

48.83 6,640 45.16 7,140 41.99 

48.75 6,660 45.09 7,160 41.93 

48.67 6,660 45.02 7,160 41.87 

48.59 6,670 44.96 7,170 41.82 

48.61 6,680 44.88 7,180 41.76 

48.44 6,690 44.82 7,190 41.70 

48.36 6,700 44.75 7,200 41.64 

48.28 6,710 44.68 7,210 41.68 

48.20 6,720 44.62 7,220 41.63 

48.13 6,730 44.66 7,?30 41.47 

48.05 6,740 44.48 7,240 41.41 

47.97 6,760 44.42 7,260 41.36 

47.89 6,760 44.36 7,260 41.30 

47.82 6.770 44.29 7,270 41.24 

47.74 6,780 44.22 7,280 41.18 

47.67 6,790 44.16 7.290 41.18 

47.59 6,800 44.09 7,300 41.07 

47.52 6,810 44.03 7,310 41.02 

47.44 6.820 43.96 7,320 40.96 

47.36 6,830 43.90 7,330 40.90 

47.29 6,840 43.83 7.340 40.86 

47.22 6,860 43.77 “ 7,360 40.79 

47.14 6,860 43.71 7.360 40.74 

47.07 6.870 43.64 7,370 40.68 

46.99 6,880 43.58 7.380 40.63 

46.92 6,890 43.62 7,390 40.57 

46.85 6,900 43.46 7,400 40.62 

46.77 6.910 43.39 7.410 40.46 

46.70 6.920 43.83 7,420 40.41 

46.63 6.930 43.26 7,430 40.36 

46.66 6.940 43.20 7,440 40.30 

46.48 6,950 43.14 7,450 40.24 

46.41 6,960 43.08 7.460 40.19 

46.34 6,970 43.02 7,470 40.14 

46.27 6.980 42.96 7,480 40.08 

46.20 6,990 42.89 7,490 40.03 

46.13 7,000 42.88 7,600 39.98 
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IM or in " 

7,610 

7,620 

7,630 

7,640 

7,660 

or ho he 
39.92 i 
39.87 S 
39.82 i 
39.76 1 

39.71 

or m m 
1,010 

1,020 

1,030 

1,040 

3,050 

•r k« ke 

37.43 t 
37.38 f 
37.34 1 

37.29 i 
37.24 i 

or m m 

,510 

;,520 

J,530 

i.540 

^,560 

or he kc 

36.23 9 

36.19 9 

36.16 9 

36.11 S 
36.07 £ 

or m m 
,010 
,020 
,030 

1,040 

1,060 

or ko \kc 
33.28 £ 

33,24 £ 

33.20 £ 

33.17 £ 

33.13 £ 

or m m 

»,510 

1,520 

1,530 

1,540 

1,550 

7,560 

7,670 

7,580 

7,690 

7,600 

39.66 

39.61 

39.65 

39.50 

39.46 

8,060 

8,070 

8,080 

8,090 

8,100 

37.20 

37.16 

37.11 

37.06 

37.01 

3,560 

3,570 

8,580 

8,590 

8,600 

36.03 £ 

34.98 ! 

34.94 ! 

34.90 < 

34.86 

),060 

),070 

^080 

9,090 

9,100 

33.09 ! 

33.06 < 

33.02 
32.98 
32.95 

},660 

9,570 

9,580 

9,590 

9,600 

7,610 

7,620 

7,630 

7,640 

7,660 

39.40 

39.36 

39.29 

39.24 

39.19 

8,110 

8,120 

8,130 

8,140 

8,160 

36.97 

36.92 

36.88 

36.83 

36.79 

8,610 

8,620 

8,630 

8,640 

8,650 

34.82 

34.78 

34.74 

34.70 

34.66 

9,110 

9,120 

9,130 

9,140 

9,150 

32.91 

32.88 

32.84 

32.80 

32.77 

9,610 

9,620 

9,630 

9,640 

9,650 

7,660 

7(670 

7,680 

7,690 

7,700 

39.14 

39.09 

39.04 
38.99 

38.04 

8,160 

8,170 

8,180 

8,190 

8,200 

36.74 

36.70 

36.65 

36.61 

36.56 

8,660 

8,670 

8,680 

8,690 

8,700 

34.62 

34.68 

34.64 

34.50 

34.46 

9,160 

9,170 

9,180 

9,190 

9,200 

32.73 

32.70 

32.66 

32.62 

32.69 

9,660 

9,670 

9,680 

9,690 

9,700 

7,710 

7,720. 

7,730 

7,740 

7,760 

38.89 

38;84 

38?79 

38.74 

38.69 

8,210 

8,220 

8,230 

8,240 

8,260 

36.62 

36.47 

36.43 

36.39 

36.34 

8,710 

8,720 

8,730 

8,740 

8,750 

34.42 

34.38 

34.34 

34.30 

34.27 

9,210 

9,220 

9,230 

9,240 

9,260 

32.65 

32.62 

32.48 

32.46 

32.41 

9,710 

9,720 

9,730 

9,740 

9,750 

7,760* 

7,770 

7,780 

7,790 

•7,800 

38.64 

38.59 

38.54 

38.49 

38.44 

8,260 

8,270 

8,280 

8,290 

8,300 

36.30 

36.25 

36.21 

36.17 

36.12 

8,760 

8,770 

8,780 

8,790 

8,800 

34.23 
34.19 1 
34.15 
34.11 
34.07 

1 9,260 
9,270 
9,280 
9.290 
9,300 

32.38 ' 

32.34 

32.31 

32.27 

32.24 

9,760 

9,770 

9,780 

9,790 

9,800 

7,810 

7,820 

7,830 

7,840 

7,850 

38.39 

38.34 

38.29 

38.24 

38.19 

8,310 

8,320 

8,330 

8,340 

8.350 

36.08 

36.04 

36.99 

36.96 

36.91 

8,810 

8,820 

8,830 

8,840 

8,860 

34.03 

33.99 

33.95 

33.92 

33.88 

9,310 

9,320 

9,330 

9,340 

9,360 

32.20 

32.17 

32.14 

32.10 

32.07 

9,810 

9,820 

9,830 

9,840 

9,850 

7,860 

7,870 

7,880 

7,890 

7,900 

7,910 

7,920 

7,930 

7,940 

7,960 

38.14 

38.10 

38.05 

38.00 

37.96 

8,360 
8,370 
, 8,380 
; 8,390 
8,400 

36.86 

36.82 

36.78 

35.74 

35.69 

8,860 

8,870 

8,880 

8,890 

8,900 

33.84 

33.80 

33.76 

33.73 

33.69 

9,360 

9,370 

1 9,380 
9,390 
9,400 

32.03 

32.00 

31.96 

31.93 

31.90 

9,860 

9,870 

9,880 

9,890 

9,900 

37.90 

37.86 

37.81 

37.76 

37.71 

8,410 

8,420 

8,430 

1 8,440 

8,460 

35.65 

36.61 
36.67 

36.62 
36.48 

8,910 

8,920 

8,930 

8,940 

8,950 

33.65 

33.61 

33.57 

33.54 

33.60 

9,410 

9,420 

9,430 

9,440 

9.460 

31.86 

31.83 

31.79 

31.76 

31.73 

9,910 

9,920 

9,930 

1 9,940 
; 9,950 

7,960 

7,970 

7,980 

7,990 

8,000 

37.67 

37.62 

37.67 

37.65 

37.4i 

' 8,460 

! 8,470 

r 8,480 
> 8,490 

1 8,600 

36.44 

36.40 

35.36 

36.31 

36,27 

8,960 
8,970 
; 8,980 

8,990 
f 9.000 

33.46 

33.42 

33.39 

33.36 

33.31 

9.460 
9,470 
9,480 
. 9,490 

1 9,500 

31.65 

31.66 
31.65 
31.6£ 
31.6( 

1 9,960 

; 9,970 

\ 9,980 

1 9,990 

5 10,000 


»• 

31.63 

31.49 

31.46 

31.43 

31.39 

31.36 

31.33 

31.30 

31.26 

31.23 

31.20 

31.17 

31.13 

31.10 

31.07 

31.04 

31.01 

30.97 

30.94 

30.91 

30.88 

30.86 

30.81 

30.78 

30.76 

30.72 

30.69 

30.66 

30.63 

30.69 

30.66 

30.63 

30.60 

30.47 

30.44 

30.41 

30.38 

30.36 

30.32 

30.28 

30.26 

30.22 

30.19 

30.16 

30.13 

30.10 

30.07 

30.04 

30.01 

29.98 
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Abbravlations. 939. 

Absorption, dielectric, 190. 

Acceptor Circuit, 248. 

A-C plaU resistance, 417 

AdapterSr short wave. 826. 

Aeo Light. 928. 

Aerial, wire. 862, 880. 
insulators. 881. 

Ageing Filaments, 441. 

Air Cell Battery. 88. 731. 

Aircraft, radio receivers. 786, 790. 
antenna systems for, 787. 
radio beacons. 789. 

Air Gapr effect on inductance, 178. 

Aligning, tuning circuito, 668, 903, 908, 910. 

Alternating current, generators. 148. 
average value, 160. 
circuits, 221. 
effective values. 148. 
electric receivers, 768, 776. 
hum, •776. # 

maximum value. 149. 
meters, 296, 807. 
r. m. s. value, 149. 

Aluminum shields, 609-612. 

Ammeteil a.c., 297. 

copper-oxide type, 804. 
d.c„ 277-286. ^ 

extending range, 279, 288. 
l^t wire. 282. 
shunt on, 278. 

* thermoQOuple. 288. 286. 

• Ampere, 68. 

AmplUlei^Q?' audio, (see Audio Amplifier), 
faelor, 411, 422. 
maximum voltage, 606. 
need for, 616. 
radio frequency. 617. 
undiatortcd, 608. 
voluge, how calculatad, 7M. 

Ampllflar, .udlo, (m Audio ) 

photoelectric cells, for, 841, 845. 
property of, 400. 
sound systems, 799-807, 921. 
television signal, 86^' 
vacuum tube, action, 608. 
voltage, 606. 

Analyser, set, 894. 

Analysing the circuits, 897. 

Anode, 887. 

Antenna, coupling systems, 660. 

Sublet, 862. 
effect on tuning, 649. 
effective height, 619. 
erecting. 881. 

formation of condenser, str 
fundamental frequency, 649. 
horisontal-V, 878. 
indoor, 886. 
invert^-L. 878. 
length, 880. 
light soclMt, 886. 


Antenna (front’d) 


.wvti wJvv aiQ. 887 


on aircraft, 787. 
on automobiles, 782. 
receiving. 862, 879. 
resistance of, 867. 
screen. 887. 
standard, 862, 878. 
vertical wire. 878. 
why used, 877. 

Aperiodic, 871. 

Arithmetical selectivity, 682. 


Armature, 147. 

Arrester, lightning, 886. 
Articulation in speech, 12. 
Artificial magnet, 107. 

Artificial sound effects, 868. 
Atomic, number, 826. 

structure, 86. 

Atoms, 88-87. 

structure of, 824. 

Attenuation, curve of filters. 267, 
Audibility, threshold of, 620. 
Audio Amplifters. 616, 686. 
Automatic volume control, 660. 


batteries. 86-88. 

Baffles, loud speaker, 708-709. 

Balanced armature unit. 688. 

Ballistic galvanometer, 274. 

Band-pass, Alter, 264, 686, 681. 

tuning, 686, 681. 

Band rejector, Hopkins, 682. 

Band selector, 686. 

spreading coils, 816. 
suppression Alter, 267. 

Bank winding. 602, 604. 

Barkhausen-Kurs oscillator, 881. 

Batteries, 79, 86. 

Battery, Air cell, 88, 781. 

“B”, 86, 781. 

"B”, Installation, 781. 
connections, 84. 

Edison storage, 102. 
lead-acid storage, 91-102. 
wet, 78. 

Beacons, radio, 789. 

Beat frequencies and notes. 67L _ . 

“B” Eliminator, (see Power Supply Ualli). 
Binocular coil, 602, 604. 

Blimp, 914. 

Blocking condenser, 687, 689. 

Blocks, condenser, 204. 

Bombarder. vacuum tube, 484. 

Boom, 918. 

Box loop. 879. 

Breakdown, condenser, 192, 194. 

insulation, 47, -48. 

Bridge, capacity, 814. 
indueianee, 818. 
vacuum tube, 481. 

Wheatstone, 810-816. 

Broadcasting sUtlon, radiations, 886. 
SK8.8BT. " 


MS 
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Buokins-windins. 171, 696. 
Bumasr on wavcmoterr 820. 
By-paas condenaara, 479, 606. 


Capacity, bridge* 814. 
caleulatlnff, 198. » 

diatributad, 601, 602, 611. 
effect of dielectric on. 196. 
in a.c. drcoita, 228. 
inter-electrode, 464. 
plate-cathode, 624. 
plata-flrrid. 467. 
reactance, 229. 
unit of, 196. 

Carborundum detector, 877. 

Carbon, microphone, (aee Microphone), 
reaiator, 68. 

Carrier current, 860. 

Cathode, 387, 438, 444. 448, 488. 
ray tube. 871. 

C-biaa. (see Gnd biaa). 

Galls, 79. 

Center-tapped resistor, 446. 

Centraline condenser. 647. 

Chain-station hookups, 369. 

Channels-wavelensrth frequency, 964. 

Characteristic chart, vacuum tube. 484. 

Characteristic curves. 407. 

Characteriatica. dynamic. 407, 427, 428, 481. 
static, 427. 

vacuum tube. 392-394, 402-486. 

Charged bodiea. 38. 

Charges, electric, 30, 82. 
laws of electric. 81. 

Charging storage batteries. 97. 

Chaaals, midget superhet, 682. 
midget t.r.f. receiver, 610. 

Checkers, tube. 428, 427. 

Chemical action, 87. 
elements. 325. 

Chokes. Alter, 748-762. 
output. 660. 

Circuit, analysis and analysers. 894, 897. 
open. 890. 
parallel. 74. 
series parallel. 77. 
short. 891. 

CircuiU, 73. 

Circular measure, 68. 

Clamp, ground, 884. 

Clough coupling system, 686. 

Cobalt steel. 114. 

Coercive force, 118. 

Coils, band spreading, 816. 
design charts, 590, 691. 
design of primary. 698. 
design of secondary, 587-698. 
distributed capacity, 601. 
honeycomb, 608. 
inductance of, 688. 
interstage coupling in, 606. 
losses in. 699. 
non-inductive. 170. 
normal and reversed phase. 698. 
placement of. 607. 

primary and secondary coupling, 694-699. 

proportions of 606, 607. 

screen grid type. 694. 

shapes and types, 602. 

shielding. 609-612. 

short wave, 818. 

solenoid, 604. 

switching. 821. 

tuning, calculation. 687. 

Color-code, resistor. 896. 
wire. 897. • 

Colors. 882. 

Combining resistors. 78. 

Commutator, 147. 

Compounds, chemical, 88. 


Compression, 6. 

Condenser, 184. 

action of, 185. 
blocks, 204. 
by-pass, 479, 666. 
calculating cap. of, 198. 
charge. 218. 
electrolytic. 205-211. 

Alter, 748. 

Axed, 199. 

formation of, ant-gnd, 864. 

gang, 214, 552-565. 

inductive, 203. 

in parallel, 216. 

in series. 216. 

losses. 189. 

microphone. 804. 

midget. 214, 662. 

non-inductive, 208. 

paper dielectric, 201. 

shielded, 215, 216. 

speaker, (see Loud speaker). 

straight line capacity. 645. 

straight line centraline. 647. 

straight line frequency, 647. 

straight line wavelength. 546. 

testing. 898. 

variable. 211. 544. 

voltage breakdown. 191. 192. 194. 

Conductance. 66. 75. 

Conduction, current. 41. 

Aow by, 41. 

Conductor, electric, 45. 

0:>ne, (see Loud si>eaker8). 

Connecting dry cells. 84. 

Constant, r.f. eouplingr 596. 
of watthour nseter. 295. 

Constantin wire. 64. 

Constants of. tube from curves, 420. 
tube, measuring quickly. 421. 
vacuum tube. 410. 

Construction, vacuum tube. 488. 

Control, grid. 457. 
volume. 558-563. 

Continuity, diagram. 894. 
tests. 890. 897. 899. 

Converter, sherrt wave, 824. 

Copper-clad. 486. 

Copper oxide, recti Aer meters, 300. 
rectiAers, 300. 

Cores, transformer, 154. 634. 

Corpuscular theory of radiation, 827. 

Cosmic rays. 331. 

Ccailomb, 'SI, 62. 

Counterpoise ground. 364, 886. 

Counters, photoelectric cell, 846. 

Coupling, capacitive. 588. 
coefficient. 176. 
coil. 174. 

combination audio. 648. 
constant r.f.. 596. 
interstage. 606, 612. 
in the "B" supply, 568. 640. 
magnetic. 638. 
primary-secondary. 694-599. 
tube. 550. 

Coupling systems, antenna, 550. 
loud speaker. 657-661. 

(see audio frequency ampllAer.) 
(see radio frequency ampliAer.) 

Cross modulation, 640-561. 

Crystal, detector, (see Detectors), 
receiver, 378. 
receiver limitations. 879. 

Cupric-sulphide recti Aer, 801. 

Current. 60. 

conduction. 42. 
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Current (Cont’d) 

direction of, 46. < 
effects of, 271. 
flow of, 41. 

Curves, frequency response, 627. 
Cut-off frequency of ihorn, 712. 
Cutting sidebands, 630. 

Cycle, sound, 7. 


— D— 

D-Arsonval galvanometer. 273. 

Deed spots, 813. 

DeclUl. 623-627. 

Defective parts, 890. 

Degeneration. 456, 478, 606. 

Demodulation, 490. 

Design, of audio transf., 680. 
of tuning colls, 587,607. 

Detector, action of, 876. 
carborundum, 877. 
crystal, 876. 

Diode, 397, 502. 
first, 678. 
grid bias, 491. 

grid leak and condenser, 494. 
measuring crystal characteristics, 879. 
need for. 874. 
power type. 498-608. 
second, 682. 

. square law, 877. 

square law and linear, 497. 

Diamagnetic substances, 109, 124. 

Diaphragm, (see Loud speaker). 

DielectHc, 186. 

absorption. 190. 
constant, 197, 198. 
effect of capacity on. 196. 
fqyming, 208. 
hysteresis. d90. 
paper, 201. 
self-healing, 208. 
strength, 47. 

Diode tube. 897, 502. 

Directacoupled a-f amplifier, 644. 

Direct current, 188. 

electric receivers, 766-768. 
power supply unit, 761. 
generator, 146. 

Direction of. current flow, 44. 
electron flow. 44. 

Disc, Nipkow, 860* 

Disc, phonograph, (see Sound-on-disc), 
scanning, 860-864, 868. 

Distortion, frequency, 627. 
harmonic, 663-667. 
produced by tube. 509-614, 662. 
tests for. 510, 518. 
wave-form, 661-667. 

Distributed capacity of coils, 601, 611, 682. 

Double "suping”, 824, 826. 

Doublet antenna, 862. 

Drill and tap sises. 961. 

Driving unit, (see Loud speaker). 

Drum scanner. 871. 

Dry cell, 81. 

connections, 84. 

Dry electrolytic condenser, 210. 

Dry-plate rectifier. oOl. 
meters, 300. 

Dual-impedance coupling, 642. 
push-pull. 676. 

Dynamic, tube characteristics, 407, 427, 428, 481. 
speaker, (see Loud speaker). 

Dynatron, 390. 

oscillator. 904. 


Ear, human, 8. 620-627. 
Earphone operation of, 872. 


Eddy currents, 161, 604. 

Edison, effect, 884. 

storage battery, 102. 

Effective, height of antenna, 619. 
value of a.c., 148. 

Effects of current. 271. 

Electrical transcriptions, 867. 

Electric charges, 80. 

Electric, current, effects of. 271. 
receivers, 788, 766. 
receivers, a.c., 768-776. 
receivers, d.c., 767. 

Electric current flow. 41. 

Electricity, 29. 
static, 31. 

Electrode arrangement, 407. 

Electro-dynamic speaker, (see Loud speaker). 

Electro-dynamometer, a.c. voltmeter, 299. 

Electrolytic condensers, 206. 
dry, 210. 
testing, 894. 

Electromagnetic, induction, 188. 
radiations, 829-886. 

Electromagnets. 117, 126, 127, 698. 

Electromotive force, 40, 66. 
generating, 188. 
induced, 188. 

Electron. 80. 
drift, 48. 

emisrion, 886-891, 488. 
flow direction, 44. 
in chemical element^ 826. 
planetary, 86. 
structure. 84. 
theory. 30. 

theory of magnetism, 122. 

Electronic force, 40. 

Electronic tube, (see Vacuum tube). 

Electrostatic, lines of force, 88. 
shielding, 467, 609. 
speaker, (sec Loud speaker). 

Elements, the chemical. 88, 826. 

Eliminator, *'B” (see Power supply units). 

Elkon rectifier, 801. 

E. M. F.. sources of, 40, 79. 

Emission, of electrons, 886-891, 488. 
radiation theory, 827. 
secondary, 889, 470. 

Enameled resistor, 67. 

Equalizer, loud speaker. 699. 

Equalizing tuned circuits, (see Aligning). 

Equivalent tube circuit, 416. 

ETxponents, 944. 

Exponential horns, 712-716, 928. 


— F— 


Fader, 919. 

Fading. 829. 

Fall of potential, 69. 

Fan type condenser plates, 654, 566. 

Farad, 195. 

Farnsworth television system, 872. 

Feedback, 453, 464, 455, 606. 

Ferromagnetic substances, 109. 

Fidelity of receiver, 618. 

Field, induction, 839-841. 
loud speaker, 693. 
radiation. 389-841. 
speaker, use as choke. 694. 
strength, signal, 519. 

Figure of merit. 871. 

Filament, circuit, series, 766. 
oxide-coated, 442. 488. 
jMtrallel A aeries, 460. 
thoriated, 440, 488. 
transformer, 444, 462. 
tube. 391, 488. 440. 
tube, 891, 488, 440. 
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Filter. arr*ns«BMateii 760. 
btoid-allmlaatlon. 207. 
baBd-paM» 264. 266, 6S5. 
band-aupprsMion. 267. 
ehokM. 748-762. 
eondeuMn, 748. 
hlsh-pm. 262. 

Una. 768. 

loud spaakor. output. 609. 
low-paaa. 264. 266, 686. 
parallal, 268. 

••pl»' typa, 268. 
raalatanea aapaeitj. 269. 

■erateh, 797. 

■jstam. 747. 

T-tjrpa, 266. 
uaaa, 868. 

Fixad condanaara, 199. 

Flaahinff fllamanta. 441, 485. 

Flaonluff rula. 142. 
valva. 891. 

Ficnr of currant. 41. 

flux danslty. 110, 180. 

Flyiuff-apot acaanluff. 862. 

Formulaa. radio. 946. 

Fraquaney. band for television, 859. 
chansara, 684. 
dfatortion. 627. 
maaauraiiiant. 816. 
nraaieal acala of. 16. 
of radlationa. 828. 
ranga. mualca]. 24. 26. 
raaponaa aurvaa, 627. 


aound. 7, 14. 

Fringa howl, 819. 

FVill-wava ractiflara. 80S. 744. 746. 
Fundamental frequency. 19. 


Gain, dadbela. 626. 

of tuned circuit. 242, 371. 
Galvanomatera, 272-276. 

Gang eondenaer. 214, 652-566. 

aligning tuned cireuita, (see Aligning). 
Ganging, (aaa Aligning). 

Gaaay tubea, 487. 

Gauasr 181. 

Ganarator, a.e.. 148. 

d.e., 146. 

Oatter. the. 488. 

Grid 497. 

dranit. raetiflcatlon, 496. 
aondanaer and leak datactor, 494. 
leak. 497. 

petantlal-plate current curvaa, 408. 
realator, 68. 
the. 898, 488. 

GrM Maa. detector, 491. 

aorract. teating for. 618. 
for diract-haater tubaa, 491. 
for aeparate-heater tubea. 480. 
fualiior. 476-482. 
raaiator. table of. 482. 
aalf or automatic. 478. 784. 
swing, 618. 
why used, 608. 609. 

Ground. 877. 884. 
alaaap, 884. 
aounterpolae. 886. 


Halaing modulation, 866. 

Henry, unit of inductance, 167. 
Hetercdyne wavemater. 820. 
High-frequency loud speaker. 718. 
High-impedance phono, pickups, 799. 
High-pass Alter, 262. 

High-resistance voltmeter, 200, 768. 
Home recording, 807. 

Honeycomb aoils, 608. 

Hookups, chain-station. 869 
Hopkins band rejector ayatam. 682. 
Horns, exponential. 928. 

see also, (Loud apaakar). 
Hum.-bucking coll. 695. 

in a.c. electric receivers, 776. 
Hydrometer. 97. 

Hysteresis, dielectric. 190. 

magnetic, 188. 

Hysteretic distortion, 684. 


— I— 


Ignition system, interference. 788. 

shielding. 786. 

Indoor antenna. 881. 

Image frequency, 674. 

Imp^ance. 284. 

adjusting chokes and transf., 666-661. 
coupling. 641-643. 
load. 654. 

“matching”, 655. 661. 

Indicating wattmeters. 295. 

Indirect heater, 444, 448. 451. 

Inductance. 167. 168. 

effect of coil shields on. 612. 
bridge, 818. 

calculation of. 688, 589. 
capacitance values, 962. 
capacity products. 246, 952. 
in a.c. circuits, 222. 
variation with current. 179. 

Induction, electromagnetic, 188, 142. 
self. 166. 588. 
mutual. 178. 180. 

Inductive reactance. 224. 226. 226. 
Inductor, 168. 

type loud speaker. 689. 

Inductors, in parallel, 172. 
in series. 172. 
variable. 176. 

Input transformer, push-pull. 667. 
speaker, 697. 

Instruments, musical. 18. 

Insulation brealcdown, 47. 

Insulator. 81. 46. 

Insulators, antenna. 881. 

Intelligibility of speech. 621. 

Interference from ignition eystems, 788. 
Intermediate frequency, 669-674, 680. 
aligning stages. 909-910. 
ampllAer. 680. 

Intemationalr standards, 67. 
units. 67. 

Interstage coupling. 668, 606-812. 

shUlding 609. 

Inverter 887. 

Ionisation 890 486. 

Ion. the. 80. 


Half-tone. 867. 

Half-wave rectlAer. 802. 742. 
Hand-capacity effe^ 646. 

Hard tubes^ 487. 

Harmonic distortion, 668-667. 
bmsonie frequeneieo, sound. 20. 88. 
Hearing, 9. 

Hsaetolde layer. 890. 


— K— 

Karolus cell. 871. 

Kerr cell. 871. 

Kilocycle-meter conversion table. 967, 
Kilovolt. 66. 

Kilowatt. 60. 

Kuprox rectifier, 601. 

KyliU. 721. 
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Las, of current, 223. 

Laminations, 161. 

Last audio statre. 649. 

Layerbilt battery. 86, 87. 

Lead>acid storage ceil. 91-102. 

Lead-in, 362. 877. 882. 
shielded. 882. 
window strip. 883. 

Lead of current. 228. 

LeakaK:e. flux. 152. 593. 776. 
loss in condenser. 189. 

Lens’s law. 142. 

Letter symbols. 939. 

Light, socket, 886. 

sources for photo-cell devices. 845. 
valve. 927w 

Lightning arrester. 885. 

Linear detection. 497. 498. 

Line disturbances and filters. 759. 

Lines of force, electrostatic. 33. 52. 
magnetic, 109, 131. 

Litzendraht wire, 600. 

Load, effect of. 654. 

impedance output. 430. 
resistance output. 427. 

Loading ccdl. 549. 

Lodestone, 106. 

Loftin-White. a.f. amplifier. 644. 
constant r.f. coupling, 597. 

Cogarithmlc ear response. 623. 

Loop antenna. 879. 

Lorenz coil. 602. 

Loss, decibel. 626. 

Losser system. 456. 

Losses in tuning coils (see Coils). 

Loud Speaker. 

taffies. 703-709. 

balanced ^mature unit. 688. 

bucking coil, 696. 

characteristics, combining, 726. 

characteristics, desirable, 725. 

comparisons, 724. 

condenser type, 719-724. 

eosie vs. horn. 710. 

coupling systems, 667-661. 

driving units. 686-700. 

dynamic, (see moving coll type). 

elecirodynamic. (see moving coil type). 

electromagnetic type, 719-724. 

equalizer, 699. 

exponential horn. 712-716. 

field magnet, 698. 

fixed-edge diaphragm. 700. 

for auutomobile receivers. 780. 

free-edge diaphragm, 700, 701. 

high frequency type. 718. 

horn shapes, 711, 712. 

hum-bucking coil, 695. 

inductor type. 689. 

input transformer, 697. 

iron diaphragm unit. 687. 

moving-coil horn unit, 716. 

moving-coil type. 691-700, 702-719. 

permanent magnet moving coil, 709. 

pot field, 693. 

power required for, 677. 

rectifier, for, 696. 

sound amplifier systems. 806. 

sound pictures, 922. 

task of, 686. 

voice-coil, 697. 

Low-impedance phono pickups. 799. 

Low-pass filter, 254. 


— M— 


Magnet, 

artificial. 107. 

forces between. 108. 

laws of attraction and repulsion, 107. 


Magnet (Cont’d) 
poles. 107. 

temporary and permanent. Ill, 118 

Magnetic. 

calculations, 180. 

field around conductors, 118. 

flux. 110. 

forces. 120. 

leakage. 593. 776.* 

permeability, 128. 

poles. 121. 

reluctance, 128. 

saturation, 180. 

screens, 114. 

speaker (see Loud speaker), 
substances, 109. 

Magnetism. 106, 107. 

electron, theory of, 122. 
molecular theory, 112. 
residual. 111. 

Magnetite. 106. 

Magnetization curves. 129. 

Magnetizing permanent magnets, 128. 

Magnetomotive force, 124. 

Magneto-striction, 112. 

Mho, the, 56, 75. 

Manganin, 65. 

Manufacture, vacuum tube, 484. 

Masking of sounds. 622. 

Master record, 917. 

Matching impedances. 655-661. 

Matching tubes in push-pull ampl., 670. 

Matter, 83. 

Maximum, permissible grid swing, 618. 
power output, 651, 678. 
undistorted power output, 668, 678. 
value of a.e., 149. 

Maxwell. 180. 

Measuring circuits, 885. 

Megohm, 56. 

Mercury vapor rectifier, 746. 

Metals, properties. 949. 

Meter, “constant,’' 295. 

output, 806, 908, 908A, 908B. 

Metric prefixes. 942. 

Microampere, 64. 

Microhenries, 688. 

Microhm, 56. 

Micron, 485. 

Microphones, carbon. 344, 803. 
condenser type, 804. 
double button, 846. 
modulation, 860. 
public address, 808. 
single button, 844. 

Micro-raysi, 881. 

Micro-radion tube, 881. 

Micro-volts-per-metcr. 518. 

Midget, condensers, 214. 652. 
receivers. 772. 

Midline condenser, 547. 

Milliammeter, 279-282. 
characteristics, 281. 
using as voltmeter, 289. 

Milliampere. 54. 

Millivolt. 55. 

Mixer. 854. 
panel. 805. 

Modulation. 849-858. 
amplitude, 631. 
percentage, 861. 
tube, 852. 

Modulat^ oscillator, 904. 

Molecular theory of magnetism, 118. 

Molecules, 83. 

Monitor, 914. 

Monitoring, 865. 

Motion pictures, 866. 

Motorboating, 689, 640. 

Mouth of horn, 712. 

Movietone, (see sound picturae). 

Movietone, (see sound-on-film). 
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Movlng-eoil siiwakcr, (m« loud spoulMr). 
Mu. 414. 

Multlpinu tubo, 464. 

Multiplex linear power detector. 602. 
Multiplier reeietore. 280. 281, 289. 
Musical instruments, 18. 26. 

Musical sounds, 12. 

Mutual conductance. 418, 422, 428. 
conductance meter. 486. 
inductance. 161, 178. 
inductance prevention. 180. 

— N— 

Nagoaka's correction factor, 688. 

Need for amplification, 616. 

Nesative elec^city, 81. 

Neon tube, 890, 867. 

Neutralizins feedback. 466. 

Neutrodjne system. 466. 

Nicbrome wire, 64. 

Nipkow disc, 860. 

Noise, 11. 

Non-inductive coils, 170. 

Non-magnetic substances, 109. 
Normal-phase coil connection, 608. 
Notation, vacuum tube. 040, 410. 


Oerstead. 131. 

OtT-channel selectivity. 676. 

Ohm, 66. 

Ohmmeter. 809. 

Ohm's Law, for a.c., 284. 
for d.e., 68. 

Oil-damped phono pickup, 706. 

Open circuits, testing for, 890. 

Operating short wave receivers, 827. 

Organ, pipe, 16. 

Orthophonie horns, 716. 

Osculation. 468-466. 

Oscillations, 862. 

Oscillation in. r.f. amplifiers, 606-612. 
a.f. amplifiers, 671. 

Oscillator. 856, 463-466, 904-908. 
circuit, 904. 
dynatron, 905. 
modulated, 904-908. 
service. 904-908. 
superheterodyne, 676-579, 910. 
test, 90S, 904-906. 
zero-beat. 828. 

Output, choke. 660. 

coupling systems. 667. 
filter. 667. 

maximum power, 651, 678. 

meter, 806, 908. 908A. 908B. 

meter, use of for aligning circuits, 908, 908A. 

power, capacity of tubes. 

power required. 677. 

transformer, 659. 698. 

tubes, in parallel, 676. 

tubes. In push-pull, 661-676. 

undlstorted power. 663, 678, 678. 

— P— 

Pad circuit, 679. 

Pancake loop, 879. 

Parallax, 277. 

Parallel, circuits. 74, 86. 
condenser, 216. 
operation of filaments, 460. 
output tubes, 676. 
plate feed. 627, 686. 
resonance. 247. 

Paramagnetic substance, 124. 

Peak signal, a-c voltage, 160. 
voltage, 618. * 

Pentode, power. 469-474. 
screen grid R.F., 474. 

Percentage modulation, 861. 

Permanent magnet. 111. 


ageing. 118. 
magnetizing, 128. 
speakers, (see Loud speakers), 
steels. 113, 114. 

Permeability, 128, 181, 169. 

Persistence of vision, 866. 

Phase displacement. 226. 

Phonic wheel 869. 

Phonofllm, (see sound-on-film). 

Phonograph, disc or record, (see sound-on-dise) 

Phonograph, high-impedance, 799. 
low-impedance, 799. 
pickup connections, 798, 
pickups, 793-799. 
records. 792. 
turntables, 794. 802. 

Phcrtoelectric cell, 838, 988. 
amplifier*', 840-846. 
construction. 889. 
control systems. 846. 
devices. 846. 
in television, 859. 
light sources. 845. 

(see Photo-voltaic cella) 

(see radiovisor bridge.) 

Photoelectric emission. 388, 891. 
substances. 889. 

Photophone, 931. 

(see sound-on-film.) 

Phototube. 838, 842. 

Photo- voltaic cells, 848. 

Piano scale, 16. 

Pick up. (see phonograph pickup). 

Pitch, 7. 13. 14. 

Planetary electrons, 86. 

Plate. 387, 392, 488. 

cathode capacity. 624. 
circuit rectification, 494. 
current, 892. 

Impedance, 417. 
impedance r.f. coupling, 666) 
resistance, d-c, 416. 
resistance, a-c, 417 

Plate voltage — plate current curves, 410. 

Play-back, 916. 

Plug-In colls, 657. 

Polarizing voltage, loud speaker, 720. 

Poles of magnets. 107. 

Positive electricity. 81. 

Post-ofTice bridge. 812. 

Pot. loud speaker. 693. 

Potential, fall of. 59. 

Power amplifiers, 650. 
apparent, 237, 298. 
audio stage, 650. 
detectors, 498-503. 
electrical. 60, 235. 
factor, 238. 
in sounds, 621. 
output, maximum. 661, 673. 
output, maximum undistorted, 668, 678. 
output, required. 677. 
ratios, 624. 
sensitivity. 466, 478. 
true. 236, 293. 
tubes. 466-474, 660, 678. 

Power supply unit, 788. 
complete, 760. 
d.c.. 761. 
filter. 747-762. 
rectifier. 741-746. 
requirements. 789. 
system, 740. 
transformer, 741. 
voltage, 763. 
voltage divider. 768. 

Practical system of units, 62. 

Prefixes, 54. 942. 

Pre-amplifier, microphone. 806. 

Pre-selector, 639-644. 

Primary cells. 91. 
dry. 82. 
wet. 81. 
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Prods, test, 901. 

Projector, sound picture, 918. 
Properties of metals, 949. 
Protons, 34. 

PulsatinK direct current, 138. 
Push-pull, 650, 661-676. 


Quality, tone, 18. 
Quantity, of charge. 218. 
Quantity, of current. 
Quantum. 326. 
Quasi-optical rays, 831. 
Quick heater tubes, 448. 


Rack and Panel amplifiers. 800-803, 921. 

Radiation field, 339. 
resistance. 343. 

Radiations. 324. 326. 327. 329-335. 
from antenna, 338-343. 

Radio beacons, 789. 

broadcasting system. 1. 

Radio- frequency, 249, 337. 
amplification. 517. 
amplifier feedback, 453. 
amplifier interstage coupling. 605-612. 
amplifier plate-impedance coupled, 626 
afnplifier resistance-coupled. 523. 
amplifier shielding in. 608-612. 
amp. audio amp., 616. 
auto-transformer coupled, 527. 
coils, (see Ck>i]8). 
constant r.f. coupling, 596. 
receiver systems. 620. 

(see also Superheterodyne.) 

(see «Iso Tuned Radio freq.) 
transformers, <169. 

(see coils.) 

Radio radiations. 333. 

Radiovisor, 867. 

light ^bridge, 848. 

R. M. S.*value of, a.c.. 149. 

• Range of meters, extending. 279, 288. 

kRaref action, 5. 

j^te of current flow, 63. 

’natio, a.f. transformer, 633. 

Rajrs, (see Radiations). 

Reactance, inductive. 224, 226. 
capacitive. 229-232. 

Reactivating tubes, 441. 

Receiver, battery-operated, 730. 

(see battery-operated receiver.; 
operation of the, 378. 
regenerative, 818. 
short wave. 818-828. 
television, 864. 
television operating, 870. 

Receioers, a.c electric, 766-768. 
automobile. 778-785. 
crystal, 378. 
d.c. electric. 766-768. 
electric, 766. 

Receiving radiated energy. 361-364. 

Re-centering voice-coil, 698. 

Record, phonograph, see sound-on-cisc. 

Recording, home, 807. 
sound-on-disc. 912. 
sound-on-film. 926-934. 

M watt-hour meter, 295. 

Kecords, (see phonograph records). 

Rectification, grid circuit, 496. 
plate circuit, 494. 

Rectifier, 741. 

dry-plate, 300. 

full-wave, 303, 744, 746. 

half-wave, 302, 742. 

mercury vapor, 746. 

moving coil speakers, for, 695, 69d 

Iwo-eiectrode, 897. 


Rectox, rectifier, 301. 

^ference point for tube potentials, 898. 

Regeneration, 818, 828. 

Regulation, voltage, 767-759. 

Rejector circuit, 248, 267. 

Relays, for photoelectric cells. 842-848. 

Reluctance, 128. 

Remote control. 358, 565. 

Repeats, in superhet tuning. 583. 

Reproducer, suund-on-disc, 917. 

(see Phonograph pickup.) 

(see Loud speaker.) 

Reproduction, sound-on-disc. 917. 

Residual magnetism. 111. 

Resistance. 66, 62. 
a.c.. 599. 

a.f. coupling, 637. 

and area, 62. 

and length. 62. 

and material, 63. 

antenna. 367. 

checking, 893. 

coupled a.f. amp., 637-641. 

coupled r.f. amp., 623. 

meas. by amm. and vm.r 307. 

meas. by ohmmeter. 809. 

meas. by voltmeter, 308. 

meas. by Wheatstone bridge. 310. 

output load tube, 427. 

plate, a-c, 417 

plate, d-c, 416 

specific, 64. 

Resistor, 66. 
carbon, 68. 
center tapped, 446. 
color code, 896. 
combinations, 78. 
enameled. 67. 
grid bias. 476-482. 
voltage divider, 756-757. 
wattage rating, 69. 

Resonance, aligning tuned circuits for, 90Z. 
circuit. 233. 238. 
condition of, 238. 
curves. 243. 
indicator, 317. 
parallel, 247. 
series, 239. 

wavelength relations, 246, 587, 961. 

Resonated primary, audio, 635. 

Retentivity, 111. 

Reversed-phase coil connection, 598. 

Right hand rule. 119, 122. 

Rc^r, 211. 

plates, 544. 


Saturation, magnetic, 112, 130, 634. 
plate, 392-395. 

Scanning. 856-858. 

discs, 860-864. 868, 870, 871. 
disc, synchronizing. 869. 

Scratch filter, 797. 

Screen antenna, 887. 

Screen grid, r.f. pentode, 474. 
tube. 453-466. 
tuning coils for, 594. 

Screens, magnetic, 114. 

Secondary batteries, 91. 
emission. 389, 470. 

Selectivity, 367. 

arithmetical. 582. 
of multiple stages, 529. 
receiver. 518. 

Selector, band, 535. 

Self-bias, 478. 

Self inductance, 167, 168. 688. 

Self induction. 166. • 

^nsitivity, receiver. 518, 619. 

Separate-heater cathodes, 444, 448, 461. 

Series, circuits, 73, 84. 
condensers in, 216. 
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Smrim (Cont'd) 

filament circuit, 766. 
operation of filaments. 450. 
parallel circuits, 77, 85. 
tuned circuit, 241. 

Service test-oscillator. 903. 

Set, 918. 

analyser, (see Analyser set). 

Shielded, condenser, 21 r. 
lead-in wire. 882. 

Shielding, electrostatic. 457. 
ignition system, 786. 
in r.f. ampllflcrs. 608-612. 
magnetic, 114. 

Short circuit^ testing for, 891. 

Short wave, adapters. 826. 
band-spread coils, 816. 
coil switching. 818. 
communication, 810. 
converters, 824. 
dead-spots, 819. 
fading. 829. 
plug-in colls, 818. 
receiver operation. 827. 
receivers. 811-828. 
regenerative receiver, 818. 
skipping. 829. 
superheterodyne. 828. 
tuner design, 814. 

Shunts, meter. 278. 

Sidebands, compensating for. 623. 
cutting, 580. 

Signal volt, swing, 513. 

Silicon steel, 161. 

Single circuit tuner, 866. 

control, aligning tuned circuits. 902. 
tuning control in super hets. 579. 
tuning control In t.r.f. recel vurs, 548-555. 

Sink, the. 657. 

Siren 14. 

Skin effect. 600. 

Skipping, signal. 829. 

Socket tube, 452. 

voltage readings. 900. 

Soft tube. 485, 487. 

Solenoid, 119, 120. 
coil, 602, 604. 

Sorters, photoelectric cell, 847 

Sound. 9. 

amplifier system. 799-806, 925. 
power in, 62. 
truck. 980. 
waves, 5, 9. 

Sound-on-disc, recording, 913. 
reproduction, 917. 

Sound-on-fllm, 926-984. 

Sound picture, Aeo light. 928. 
comparisons, 934. 
fader. 917. 
light valve. 927. 
loud speakers, 922. 
projector. 918. 
recordings. 925. 
reproduction. 980. 
sound-on-fllm, 926-984. 

Sound pictures, see, Phonofllm, Photoflim, Movie- 
tone, Sou nd-<m -disc, Sound-on-fllm. Vltaphone. 

Space charge. 392, 396, 462, 470. 
grid, 461. 

Spaced coil-winding, 602. 

Speaker, (see Loud speaker). 

Specific inductive capacity. 197, 198. 

Specific resistance. 64. 

Spectrum of radiations. 829, 880. 

Speech. 12. 

amplifier, 854. 

Spiderweb coil. 602. 608. 

Splicing film. 982. 

Square law detector, 877. 497. 

Stampers. 917. 


Standard, antenna. 878. 

resistor color-code. 896. 
wire color-code, 897. 

Static, characteristics, 407, 427. 
electricity, 81. 
signal ratio. 519-520. 

Station broadcasting, 358-357. 

Stator plates, 211, 544. 

Storage batteries, alkaline Edison. 102. 
lead-acid. 91-102. 

Strength, dielectric, 47. 

Studio broadcasting, 853. 

Stylus. 915. 

Substances, diamagnetic, paramagnetic, 109, 124. 
magnetic, non-magnetic. 109. 

Super-control tube. 463-466. 

Superheterodyne, a.c. electric receiver, 770-771. 
aligning tuned circuits. 909-910. 
arithmetical selectivity. 582. 
beat action in, 578. 
double-suping. 824. 826. 
image frequency. 574. 
intermediate amplifier. 580. 
off-channel selectivity. 576. 
oscillator, 576-679. 
receivers, batt. operated. 786. 
r.f. amplifier for, 576. 
repeats in tuning. 683. 
short wave, 8231 
single control. 679. 
system, 621, 569, 570. 
tuner. 666. 

Suppressor grid. 471. 

Swing, signal, 613. 

Switching coil. 821. 

Symbols, letter. 989. 
radio. 987. 

Synchronizing, the scanning disc, 869. 
tuned circuits, (see aligning). 

Synchronous motor. 869. 


— T— 

Tables, L-C, 962. 

wire. 947, 948. 

Tangent galvanometer, 272. 

Tank tuning circuit, 678. 

Tap A Drill siscs, 951. 

Telephony, radio, 887. 

Television. Farnsworth system. 872. 
frequency band. 859. 
future of, 858. 
neon tube, 867. 
radiovisor. 867. 
receiver operating. 870. 

Bcanningr 866-858. 
scanning discs, 860-864. 868. 
status of, 852. 
system, 864. 

tuners and amplifiers, 864-867. 
with sound, 864. 

(see scanning disc, cathode ray tube, neon 
tube, etc.) 

Temperature coefficient of resistance, 65. 
Temporary magnet. 111. 

Tester, vacuum tube, 408. 

Testing, condensers, 898. 

for high-resistance grounds, 892. 
for open circuits, 890. 
for short circuits, 891. 
receivers. 898, 899. 

Test oscillator (see oscillator), 
prods, 901. 

Thermionic emission, 887. 

Thermocouple meters. 283-285. 

Thompson a.c. ammeter. 297. 

Thoriated tungsten, 440. 

Three electrode tube, 897. 

Threshold of audibility, 620. 

feeling. 620. 

Throat of horn, 712. 

Thyratron tube. 886. 
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Timbre. 18, 19. 

Time differences, 828. 

Tone color, 21. 

control systems, 678-680. 

Tone quality, 618, 622. 

Torroidal coll, 604. 

Transconductance, 418. 

Transcriptions, electrical, 867. 

Transducer, electro-acoustic. 686. 

Transformer, 161, 162. 
audio design, 680. 
cores, 164. 
filament. 444. 462. 

impedance-adjustinir or matching. 655-661. 

input, 607. 

loading. 168. 

output, 669f 608. 

power, 741. 

push-pull, 667. 671. 672. 
r.f., 689, (see Coils). 

Transformer-coupled a-f amplifier, 628-637. 
Transmission, radio, 841. 
nulio telephone. 348. 
system, 841. 
unit. 628-627. 

Transmitter, audio frequency range of. 619. 

T. R. F. receivers. alifrninR tuned circuits. 903. 

908-909 

electric. 767-776. 

T-type filter, 266. 

Tul^ checkers, 428. 

TubA, (see Vacuum tubes) 

Tuned elrcuit. 288. 
gain of. 871. 

(see ''Aligning; tuning circuits") 

series. 241. 

Tuned-plate impedance oouplng, 526. 

Tuned radio frequency. 620, 568 
actiop of. 788. 
amplifier action , 521. 
multiple tuned, 528. 

(see also Radio frequency.) 

Tuner, single circuit, 366. 

two circuit. 868. 

Tuners, Short-wave. 812-819. 

television, 864. 

Tungar tube, 390. 

Tungsten filament, 440 

'Tuning circuits, aligning. 558, 903. 908-910 
Tuning coll, 369. 

Toning control on automobiles, 782 
Tuning curve, shape of. 629. 

Tuning dead spots in, 819. 

Tuning frequency calculations, 587. 

Tuning necessity for, 363. 

(see also (^ils.) 

(see also (Condensers.; 

Turns-ratio push-pull transformer, 674 
Turntable, phonograph, 79e-802. 

Two elective rectifier, 397. 

Types of tubes. 437. 

— U— 

Ultra short wsves, 881. 

LTndistorted. amplification, 508. 

output of tubes. 653. 673. 678. 

Units, electrical. 51. 62. 

international, 57. 

Universal winding, of coils, 603. 

— V— 

'/acuum tube, amplification factor, 411, 422. 

amplifier. 40<i, 504. (see also amplifier and 
amplification), 
bridge, 481. 
cathode, 438. 
characteristic chart. 434. 
characteristics, 892-894, 402-435. 
checkers. 423-427. 
constants. 410. 
constants from curves. 420. 
constants measuring quickly, 421. 


Vacuum tube ((Cont'd) 
construction, 488. 
detectors, 490-608. 
diode. 897, 502. 

Edison effect, 884. 

electrodes. 407. 

filament. 438. 442. 

grid bias. 475-488. 

high-vacuum, 885. 

impedance hand, 430. 

manufacture. 484. 

materials employed in. 486. 

mutual conductance 418, 422. 423. 

mutual conductance meter, 483. 

neon, 867. 

notation', 410, 490. 

penMe. 469-476. 

photoelectric. 888-842. 

plate impedance, 417. 

plate i-esistance, a-c. 417. 

plate resistance, d-c, 416 

power. 466-474, 678. 

reactivation, 441. 

r.f. pentode, 474. 

resistance load, 427. 

saturation, 392-396. 

screen grid, 458-466. 

secondary emission, 470 

soft and hard, 487. 

space charge. 892, 396. 470. 

super control, 463-466. 

tester, 408. 

three electrode. 397. 

thyratron, 836. 

types, 487. 

uses, 388. 

variable mu. 463. 

Variable, condensers, 211. 544. 
inductors, 176. 
mu tube. 463. 
resistors. 757. 

Variometer, 176, 369. 

Vector diagram, 227. 231 

Vibrating strings, 22. 

Vision, persistence of, 856. 

Vitaphone. (see sound-on-disc) 

(see sound pictures.) 

Voice-coil. 692, 697. 
re-centering. 698. 

Volt. 66. 

ammeters. 292. 
ohmmeters. 310. 

Voltage amplification, hnw calculated. 785 
maximum, 506. 

Voltage, breakdown, 48. 

breakdown of condenser. 191, 192. 
drop. 69. 

divider resistors, 7.56-757. 
divider system, 753-766. 
ratios, 624. 

readings at tube sockets, 900. 
regulation, 757-759. 

Voltmeter, copper-oxide type, 304 
d.c., 286-293. 

electrodynamometer, a.c., 299 
extending range of. 288. 
high-resistance, 290, 76.5. 
method of meas. resist. 308. 

Volume control, 555-663. 
automatic, 660. 
phono, pickup, 797. 

Vreeland band selector. 539. 


Watt, 60. 

Wattage rating of resistors. 69. 
Watt-hour meter, 296. 

constant of, 295. 

Wattless current, 236. 
Wattmeters. 203-296, 
Waveband-switching, 821. 
Wave-form. 148. 

distortion. 661-667. 
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Wavaicngth. 328. 

frtqMBcy ehanneli, 864. 
fraqumcy ehunel UbiH, 967. 
of oound, T. 

KMnanee nlationi, 244, 387. 
Wave mechanica theory, 827. 
Wavemetar, 316>821. 

Wavei, aound, 5. 

Waverap, 247. 

"Wax", phonoitraph record, 916. 
Weighing circuiU, 836. 

Weeton d.e. movement, 276. 
Wheatatone bridge, 810-316. 

Wheel, phonic^ 849. 

Wind initnimenta, 16 
Window, photoaleetrie cell, 839. 


Window atrip, 883 
Wire, aerial, 880. 

color code, 897. 
Wire gauges, 41 
Wire Uhlei, 691, 947. 


-X- 


X-rays, 829, 333. 


-Y- 


-Z- 

Zero beating. 821 
Zero beat osciliator, 884 













